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A. Toxicology summary 

Atrazine (2-chloro-4-ethylamine-6-isopropylamino-S-triazine] (see Figure 1) is a chlorotriazine herbicide for season-long control in corn, sorghum and other crops. It has a low to mild acute oral (III) and derual (III) toxicity. 7here are no acceptable acute inhalation studies with the technical that measure the actual exposure and particle size. Atrazine produces only slight dermal (III) irritation, moderate ocular (II) irritation and is not a dermal sensitizar. 

There are no acceptable subchronic oral (dog, rat) and dermal (rat) toxicity studies. Th4 oral oncogenicity (mice only) study presents no siqnificaat toxicologic concerns. However, there are turners in Spraque-Dawley rats and cardiac effects in dogs. 

It was determined that Atrazine has oncogenic potential in female rats re~ulting in mammary tumors. This data were obtained subsequent to the issuance of the United States Environmental Protection Agency (EPA) Guidance for Registration of Pesticide Products containing Atrazine, Novem..l-)er 10, 1983 (RS-83). A core-supplementary rat chronic/ oncogenicity study (00059211), noted in RS-BJ, did not delineate the oncogenic potential of Atrazine due to poor survival and intercurrent infection. The new <core-minimum) rat chronic/oncogenicity study (00141874) demcJtst~·lt£>d a statistically significant treatment-related ir.cLeased ~umber of female Sprague-Dawley rats with malignant wammary tumors (adenocarcinoma plus carcinosarcoma). 

The Toxicology Branch (TB) Peer Review Committ:ea a!-td u.s.E.P.A. Science Advisory Panel {SAP) agree th~t atrazine is a categori c cncogen. In addition, the TB Peer Revie~ committee is requesting additional studies to determine the most appropriate method, if any, for determining the quantitation of risk aue to atrazine <see Issues section for further detail). 

There are no toxicologic issues associated with developmental or reproductive studies. 

Atrazine is negative in a battery of mutagenicity tests for qene mutation, chromosomal aberration and DNA repair. However, based on published dominant lethal effects, there may be a concern for heritable serm cell effects. 
Atrazine is rapidly metabolized by dechlorination of the triazine ring and N-dealkylation. Elimination is also rapid and occurs primarily in the urine and secondarily in the feces. It does not appear to accumulate in the body. 
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B. Toxicolo9Y Profile 

81 Serjes bcute TQxicity and Irritation Stu4ies 
81-1 Acute Oral 

Sufficient data ~re available to show that technical a·trazine has a low a~ute oral toxicity in rats (00027097). The a~ute oral LDso for rats was 2,850 mg/kg for males and females combined. 7oxicity Category III~ 

81-2 Acute Dermal 

Sufficient data are available to show that technical atrazine has a low t..::xicity by the dermal route (00024706). The acute dermal LD 50 for rats is 1869 mg/kg for males and females combined. Toxicity Category III. 

81-3 Acute Innalation 

Although an acute inhalation study on the technical (00059213) indicates that the LCSO for rats is 167 mg/1 <nominal), this study had been downgraded to core-invalid since particle size and actual atmospheric concentration and doses were not determined as are currently required by the guidelines. Additional data are requ:red. 

81-4 Prjmary Eye Irritation 

Sufficient data are a•railable to show that teclmical atrazine was moderate eye irritant CACC231466). Toxicity Category III. 
81-5 Primary Dermal Irritation 

Sufficient data are available to show that technical atrazine was not a dermal irritant {00027096). Toxicity Category IV 
81-6 Dermal Sensitization 

Sufficient data are available to show that technical atrazine was not a dermal sensitizer (00105131). 
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81-7 Acute Delayed Neurotoxicity 

No data are available on the acute neurotoxic ef!ects of 
Atrazine. ~his test is r~~ired only fOL coapounds which are 
organophosphate i~ibi~·-..,rs of cholinestera~:e. or related to 
such in~ibitors or mer~lites of such ~~~~bitors. Atrazine is 
not an organophosphaLe, therefore a study is not required. 

82 Series Subchronic Testing 

82-1 SYbchronic Oral 

There are no satisfactory subchronic oral studies with 
atrazine. Studies are not required sinct! there are acceptable 
chronic feeding studies in both rats and dogs. 

82-2 SYbchronic Dermal (21-day> 

No data are available on the subchronic 21-day dermal toxicity 
of Atrazine. A study is required. 

82-3 SYbchronic Dermal {90-dayl 

There is no subchronic 90-day dermal study. Th!~ study is not 
required because the existing acceptable er1d-uses should not 
result in repeated human skin contact for extended periods. 

82-4 Subchronic Inbalation 

There is no subchronic inhalation study. This study is not 
required for the registered use patterns. 

82-5 Subchronic Neurotoxicity 

There is no subchronic neurotoxicity study. This study is not 
required beca•!St:! a acute delayed neurotoxicity study is not 
required. 
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83 Series Chronic and Long Term Studies 

83-1 Chronic Toxicity 

There is a core-minimum one-year feeding/oncogenicity study 
(40431301) in the beagle dog (4 dogs;s~~/group). They were 
treated with atrazine in the diet at o. 15, 150 and 1000 (6 
dogs/sex) ppm which resulted in approximate doses of o, 0.43, 
4.97, and 33.65 mg/kg/day for males and 0, 0.48, 4.97 and 33.80 
mg/kg/day for females {based on food consumption and body 
weight). The no-observable-effect-level (NOEL) was 15 ppm 
(0.48 mg/kg/day) and the lowest-effect-level (LEL) was 150 ?Pm 
(0.4.97 mg/kg/day} based on: mini!!lal cardiac changes includ:.ng 
dilatation of the right atrium (l malel, thickened atrium ~ith 
edema consistent with disseminated arteritis (1 male), 
decreased P-II waves (females). At the high dose, toxicologic 
effects due to Atrazine included: mortality; cachexia ~1d 
ascites; decreased body weight, ~eight gain, and food 
consumption; electrocardiographic alterations such as irregular 
heartbeat, increased ~eart rate, decreased height of the P-!I 
wave, atrial premature complexes and atrial fibrillation; 
decreased serum protein and albumin; moderate to severe car~iac 
lesions characterized by atrial dilation, myocardial 
degeneration (atrophy, myolysisl. 

This study satisfies the requirement for a chronic dog 
feeding study. 

?here is a core-minimum two-year feeding/oncogenicity study 
(00141874) in the rat (65 rats/sex/group). Rats were treated 
for up to t•o years with either o, 10, 70, sao or 1000 ppm of 
Atrazine technical, which results in approximate doses· of •}, 
.5, 3.5, 25 ~r so mg/kg/day (calculated using the .os 
conversion factor). There were interim sacrifices at 12 ~d :3 
months. The systemic NOEL was 70 ppm (3.5 mg/kg/day}. The 
sys~emic LEL was 500 ppm (25 mg;kg/day> based on \males anc 
females): decreased mean body weight. In addition in the ~igh 
dose females there was decreased survival; decreased 
hemoglobin, hematocrit and red cell count; increased nan­
neoplastic pathology (hepatocellular centrolobular necrosis, 
increased myeloid hyperplasia of the bone marrow). Non­
neoplastic pathology in the high dose males included acina= 
hyperplasia of the mammary gland, renal pelvic calculi and 
prostatic epithelial hyperplasia. Treatment-related neoplastic 
pathology was limited to the mammary gland of females. There 
was a statisti~al iJcrease in malignant tumors (adenocarci~oma 
plus carcinosarcomas) and in mammary tumor bearing animals (see 
toxicological issues for more detail). 

This study satisfies the re~Jirement for a chronic rat 
feeding study. 
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83-2 Oncogenicity 

see "83-1 Chronic tQxicity" for comments regarding the 2-year 
rat study (00141874). This was a core-minimum study for 
oncogenicity. 

This study satisfies the requirement for a rat oncogenicity 
study. 

Ther.e is a cgre-guideling 91-week oncogenicity study 
{40431302) in mice (59-60 mice/sex/group;. They were treated 
with atrazine in tile diet at 0, 10, 300, 1500 or 3000 ppm 
which resulted in approximate doses of c, 1.4, 38.4, 194.0 or 
38.5.7 mg/kg/day for males and 0, 1.6, .... 1.9, 246.9 or 482.7 
mg/kg/day for females (based on food consumption and body 
weight). The systemic NOEL was 300 ppm (45.0 mg;kg/day). The 
LEL was 1500 ppm (225.0 mg/kg/day) based on: (males and 
females) decreased mean body weight gain. In addition, cardiac 
thrombi were observed in female mice at this dose. There was 
no evidence for oncogenic potential due to atrazine in this 
study. 

This study satisfies the requirement for a mouse oncogenicity 
_study. 

83-3 Ter~ogenicitv 

There is a cgre-minimum rabbit teratology study (00143006, 
40566301). Groups of 19 New Zealand White rabbits were treated 
by gav~ge on days 7 through 19 of gestation with 0, 1, 5 or 75 
mg/kg/day of atrazine. The maternal toxicity NOEL was ·1 
mg/kg/day and the LEL was 5 mg/kg/day based on statistically 
significant reduction in body weight gain for gestational days 
14-19 and a statistically significant reduction in food 
consumption on gestational days 17 and 19. The davelopmental 
NOEL was 5 mgjkg/day and the LEL was 75 m~/kg/day based on 
increased resorptions, decreased fetal weights and delayed 
ossification of appendages. 

This study satisfied the requirement for a teratology study 
in rabbits. 

There is a core-minimum rat teratology s-~udy (00143008, 
40566302). Groups of 27 Charles River rats were treated by 
gavage on days 6 through 15 of gestation with 0, 10, 70 or 700 
mg/kg/day of atrazine. The maternal toxicity NOEL was 10 
mg/kg/day and the LEL was 70 mg/kg/day based on decreased body 
weight gain. In addition, at 700 mg/kg/day there was increased 
mortality, and clinical sings of toxicity along with decreased 
food consumption. The developmental NOEL was 10 mg/kg/day and 
the LEL was 70 mg/kg/day based on delayed ossification. 
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This study satisfied the l'equirement !or a teratology study in rats. 

83-4 Reproduction 

There is a ecce-minimum 2 generation reproduction study in rats (40431303). Groups of male and female Charles ~iver (CRCD,VAF/PLUS) rats were exposed tc atrazine in the diet at o, 10, 50 or 500 ppm which results in an approximate dose of 30, 0.5, 2.5 or 25 mg/kg/day (calculated using the .05 conversion factor>. The Parental systemic NOEL was 50 ppm (2.5 mg/kg/day) and the LEL was 500 ppm (25 mg;kg/day), based on decreased body weigh;.s, body weight gain and food consumption in·both parental males and females throughout the study. The reproductive NOEL was 10 ppm (0.5 mg/kg/day) and the LEL was 50 ppm < 2. 5 mg/kg/day > based on decreased botjy waights of pups in the second generation at the time of weaning (postnatal day 21. 

This study satisfies the requirement for a reproduction study in rats. 
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84 series Mutagenicity 

84-2 Mutagenicity Tests 

1. Gene mutation. 

Atrazine was not mutagenic wllen tested in s. typhimurium 
for point mutation (40246601) or E. coli for reverse 
mutation (00161931). 

The requirements for gene mutation testing have been 
satisfied. 

2. Chromosomal aberration 

There is an acceptable micronucleus test (40722301). 
When tested in male and female Tif:MAGF,SPF-NMRI-derived 
mice there was no evidence of micronucleus formation ~ith 
acute doses up to 2250 mg/kg, a level resulting in 
death. 

Based on published dominant lethal effects, there may be 
a concern for heritable germ cell effects (Adler, Mutat. 
Res. 74: 77-93, 1980). The Agency has obtained summary 
data from the laboratory for this study that indicate a 
slight increase in dominant lethal effects at 2000 mg/kg, 
suggesting that there may be transmissible genetic 
alterations. 

Although the minimum testing requirement for this 
mutagenicity category has been formally satisfied, a 
dominant lethal study is required. 

3. Direct DNA damage or other tests. 

Atrazine was tested for DNA repair in primary rat 
hepatocytes from Tif;RAif, SPF rats (00161790, 40246602). 
Although there ~as no evidence of increased repair both 
with and without S-9 activation at doses up to 150 ug/ml, 
this study has been determined to be invalid. 

The requirements for direct DNA damage or other te3ting 
have not been satisfied. 

The requirements for Mutagenicity testing have not been 
satisfied. 

10 
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85 ser_ies Special Studies 

85-l M.eta.holism 

.:\.:.though there are several acceptable m~ta.bolism studies {0080.6.34, 40431304.,-5,-6,-9,40437501 there are several issues conc.arning the metabolism of atrazine that need.to be addressed: 1) Identification of fec~l metabolites in the male and female rat. 2) Identification of urin~ry metabolites in the male rat unless an acceptable rationale can be given that the male and female produce the same metabolites. 3) An explanation for the differences between two studies for tha percentage elimination of radioactivity in the urine and feces urine of female rats given a single oral dose of lOu mg/kg of atrazine (70:25 vs. 50:50). 

Figure 1 presents the structure of the parent and many of the primary metabolites for atrazine in rats. Dechlorination of the triazine ring and N-dealkylation are the major metabolic pathways for atrazine in rats. 

About 95 \ of atrazine is eliminated ~ithin 7 days following treatment. The whole body half-life is about 1.3 days. Elimination is independent of dose and sex. The primary route of elimination is urine (about 75 \). The amount eliminated in the feces was about 20 %. 

Distribution of atrazine ~as dose dependent but independent of sex. Red blood cells (RBC) appear to store the highsst levels radiolabel (through covalent binding of a metabolite). Atrazine d~d not appear to accumulate in tissue, except possibly for the RBC. 

The requirements for Metabolism testing have not been satisfied for the reasons stated above. Additional studies are required. 

85-2 Domestic Animal Safety 

Studies for domestic animal safety are not required at this time. 

85-3 Dermal AbSOrption 

There is an Acceptable dermal absorption study (40431308). Atrazine in 4L formulation is absorbed in relatively small amounts through the skin. Typical values were 2.00, 0.53 and 0.26 % for 10 hour exposures to doses of 0.01, 0.1 or 1.0 mg/c~2. Significant quantities remain o~/in the skin after 
~ashing with soap and water (24.87, 2l.'v and 10.49 %). No significant differences in absorption were observed bet~een t~e 4L and SOW formulations ~ested at 1.0 mg/cm2 for 10 hours. 
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The 4ata indicate that absorption is approaching saturation at 
the high dose. The test material which remains on/in the skin 
after ·soap and water wash is considered absorbable. For risk 
assessments the percent absorbed is added to the percent on/in 
the skin to determine quantity absorbed. However, as noted in 
the data. evaluation repor.t (!lER) it is possible that part the 
measured atrazine remaining on/in the skin is an. artifact of 
the experimental procedure. · 

Additional dermal absorption studies a~e not required at 
tbis time. 
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FIGURE 1 

FIGURE I. CHEMICAL NAMES AND STRUCTURES 
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c. Data Gaps 

Atrazine is registered for use as an herbicide on food crops 
and therefore the following Guideline toxicology studies can be 
required for registration. 

81 series 
81-1 Acute Oral 
81-2 Acute Dermal 
81-3 Acute Inhalation 
81-4 Primary Eye Irritation 
81-5 Primary Dermal Irritation 
81-6 Dermal Sensitization 
81-7 Acute Delayed Neurotoxicity (hen) 

82 series Sutchronic Testing 
82-1 SUbchronic Oral <rodent, non-rodent) 
82-2 Subchronic Dermal (21-day> 
82-3 Subchronic Dermal (90-day) 
82-4 Subchronic Inhalation 
82-5 Subchronic Neurotoxicity 

83 Series Chronic and Long Term Studies 
83-l Chronic Toxicity (rodent, non-rodent) 
83-2 Oncogenicity (two species) 
83-3 Teratogenicity (two species) 
83-4 Reproduction (rat) 

84 series Mutagenicity 
84-2 Mutagenicity Tests. 

1. Gene mutation. 
2. Chromosomal aberration 
3. Direct DNA damage. 
4. Other Tests. 

85 Series Special Studie~ 
85-1 Metabolism 
85-3 Dermal Absorption 

Based on this assessment of the toxicology data base for 
atrazine, the following Guideline toxicology studies have been 
identified as data gaps. 

81 series 

81-3 Acute Inhalation 

82 ser1es Subchronic Testing 

82-2 Subchronic Dermal (21-day> 

15 I 
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84 Series Mutagenicity 
84-2 Mutagenicity Tests. 

12 

~hromosomal aberration - do~inent lethal study 
Direct o~ damage or other 

Based on this assessment of the toxicology data base, the 
following additional studies are req~ired. 

Oncogenicity Study with the Fischer 344 rat (83-2). 

Comparative metabolism studies comparing Fischer and Sprague­
oawley female rats (blood and urinary metabolism, blood 
kinetics r~~ red blood cell binding). and comparisons between 
other~ lian species <rat hepatocytes). 

Horm~ne/receptor effects studies including evaluation of serum 
estrogen, corticosterone, progesterone levels (including 
prolactin if possible). 

16 
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D. RfD Reas3essment 

The RfD, previously referred to as the ADI, of 0.005 mq/kg/day is based upon the NOEL of 0.5 mq/kg/day from the chronic dog feeding study and the co-critical study the 2-generation reproduction study. The uncertainty factor of 100 is used to account for the inter- and intraspecies differences. In addition, the Toxicology Brarich Peer Review Committee has determined chat an additional factor of 10 should be use with the RfD in order to account for the uncertainty due to the oncogenic potential of atrazine. 
The data base includes: 

1-year feeding - dog 
2-year feeding/oncogenic - rat 2-generation reproduction - rat teratology - rabbit 
teratology - rat 

Additional data considered: 91-week oncogenic - mouse 
There are no data gaps for determining the Rfd. This RfD has been confirmed by th~ Toxicology Branch and Agency RfD Committees. 
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E. Toxicological Issues 

1. oncogenicity 

Bacltgrowtd 

Atrazine, although not associated with any serious chronic 
toxicity in the mouse is associated with tumors in rats. This was determined subsequent to issuance of the RS-83. A core­
minim~• rat study (0014874) indicated that Atrazine in~estion was be associated with an increased incidence of malignant ma~ary tumors in female but not male rats. 

Criteria contained in the EPA Guidelines [FRSl: 33992-34003, 
19861 were considered when conducting a weight-of-the-evidence determination of oncogenic potential. 

The high dose (1000 ppm- so mg/kg/day) reached or exceeded the 
adequate dose needed for assessment of oncogenic po~ential based 
on: males - 25 % decrease in body weight gain and non-neoplastic pathology in males; females - increased mortality, 26 \decrease 
in bcdy weight gain and non-neoplastic pathology. The 500 ppm 
(25 mg/kg/day) dose reached an adequate level based on a decrease in body weight gain of 17 and 18 % for males and females, 
respectively. There was no treatment related systemic to~icity at 70 and 10 ppm (3.5 and 0.5 mg;kg/day). 

Dietary administration of Atrazine was associated with malignant mammary tumors in only one species (rat), and only 1 sex 
(female). Table l preser.cs the tumor data using effective 
proportions (this adjusts for the occurrence of the first tumor>. All statistics were conducted with these values, including the 
Peto prevalence since there was a survival disparity. Table 2 
presents the tumor data as crude proportions (no adjustment for 
occurrence of first tumor>. Table 3 presents historical control values from the testing facility Cas crude proportions). 

-As can be seen in Table l, there was a statistically 
significant dose-related trend in females for both malignant 
and all mammary tumor bearing rats (p <0.01). 

-There was also pair-wise significance at the 3.5 and 25 
mg/kg/day (p <0.05) and 50 mg/kg/day (p<O.Ol). 

-As can be seen in Table 2, both malignant and TBA values for 
3.5, 25 and 50 mg/kg/day are well outside the range for 
historical controls. Low dose values are only slightly outside 
the historical control range and probably do not reflect a 
treatment related increase. 

Although the 25 and 50 mg/kg;day doses appeared to produce 
adequate to excessive toxicity in females, malignant and all 
mammary tumor bearing rats ·.;ere also significantly increased at 
3.5 mg/kgjday, without excessive toxici~y. There was also an 
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indication that adenocarcinomas occurred earlier in the high dose than in controls. l'.t the 13 week sacrifice there were 5 out of 10 rats with this ~amor while none occurred in ten controls. This suggests a possible increase i:1 rate of tumor occurrence. There was also an increase in the proportion of malignant tumors. 

Atrazine was not mutagenic in several acceptable s·tudies <in vitro point mutations assays (bacterial); D~ repair test;~ micronucleus test). Although there are several questionable published positive studies the mutagenic data does not, in this case affect the o~cogenic classification. 
Atrazine is structurally related to several compounds of known oncogenic potential. 

Risk Assessment 

The Peer Review Committee documents 1 and 2 (dated 3/l/88, and 7/7/88, respectively) indicated that the above constituted only limited evidence of oncogenicity since ~he oncogenic response was observed only in 1 species (rat> a.."'l.d sex ( female) ar.d was a common tumor type (mammary) and classified Atrazine as a Group c. fQSSible Human Carcinogen. Additional evidence from short-term tests •.rere not supportive of a higher classification. They also concluded that since there was a: 1) possible increase in proportion of malignancy, 2) structural relationship to other known oncoqens and 3) possible early onset of tumors, the data warranted quantitative risk assessment using the Q1* derived from the Weibull model. 

On september 7, 1988, Atrazine was presented to the SAP _for consideration of the classification. They agreed with the conclusions of the TB Peer Review Committee that Atrazine is a class c oncogen. Although they statad that the mammary tumors in Sprague-Dawley rats should be considered as a biologically significant endpoint, they did not agree that quantification of risk should be performed. 

As a result of reevaluating the classification and quantification in response to the Scientific Advisory Pan01, the Peer Review (document 3) determined that: 

"the data for Atrazine are not appropriate for quantitative risk assessment (using the Weibull model). This was because the tumors occurred only in one sex (female), species (rat) and strain CSprague-Dawley). Mammary tumors occur at a variable rate, with a high background incidence in this strain of rat. Additional mutagenicity data have lessened the concern for this endpoint, therefore genotoxicity could not be used to ~~pport quantification. There appears to be, although not yet substantiated by dat~, a hormonal mechanism." 
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In addition the Peer Review co~~ittee felt that since the tumors 
were of toxicologic conce~. the RfD, as used by the Office of 
Pesticide Program, was inadequate. It was concluded that until 
such time as additional data (see below) was presented to support 
an appropriate model for quantitation, an additional uncertainty 
factor of 10 should be added to the RfD, which usually has an 
uncertainty factor of 100. It was also their intent that, when 
other routes of exposur~ ara evaluated for levels of concern, 
that the uncertainty factor of 100 be increased by a factor of 
10. This would result in a Margin of Exposure level of 1000, 
below which there is toxicologic concern for oncogenicity. The 
Office of Drinking Water has used this additional factor of 10 
when determining the Lifetime Health Advisory (LHA) for atrazine 
in drinking water. 

Data Needed to Reevaluate the tppropriate Risk Characterization 
Hodel (taken from the TB ?eer Review Document 3) 

"The listed studies a~e currently ongoing, or are in the 
planning stages at Ciba-Geigy. Preliminary results were 
pivotal in the above deliberations of the Peer Review 
commit~ee. Data provided by the completed studies are 
neeessary for the Ccmmittee to ~etermine the most appropriate 
method, if any, for quantifying the risk due to atrazine: 

1) Hormone/receptor ef:ects of ~trazine, including serum 
estrogen and other endocrine levels (including prolactin if 
possible>; 

2} Comparison of oncog~~ic ~otential between Fischer and 
Sprague-Dawley fema~e rats; 

3) Comparative metabol:sm betNeen Fischer and Sprague-Dawley 
female rats, and betNeen other mammalian species (rat 
hepatocytes. •• 

2. Mutagenicity - concern for heritable risk 

The minimum regulatory re~uirements for chromosomal aberration 
testing have been fulfilled at this time. However, based on the 
positive results in a pub::.ished dominant lethal study, there may 
be a concern fur heritable germ cell effects (Adler, Mutat. Res. 
7~: /7-93, 1980) from atrazine exposure. It should be Poted 
that since these results are not overNhelmingly positive, they 
alone ·rould not suggest a high priority concern for heritable 
risk. However, due to the high potential for human exposure to 
atrazine, further examina~ion is warranted. 

It is requested r.hat an acceor~~le dominant lethal assay with 
male mice be performed wi-h atrazine active ingredient. Since it 
is th~ intention to reproduce ~h~ published study's results, it 
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TABLE 1 Ratel of female mammary tumors in the 2-year ::lir.~tary oncogenicity study in female rats CAtrazi~e) (Am.Bioger.. ~410-1102, 4/29/86) 

U E f&'ttVE PROPORTiaqS.l. ________ ~~------------
OOSE 

70 Manmary tt.mer o 10 500 1000 . 

Benign2 only 
20/88(23) 24/65(37) 21/69(30) 21/68(31} 20/89(22) 

Malignant3,4 
15/88**(17) 16/67(24) 27/69*(39) 27/68*(40) 45/89**(51) 

35/88**(40) 40/67(60) 48/69~(70) 48/68*(71) 65/89**(73) 
rctl'E: Significance of trerxi derx:lted at control. Significarx:e of pair-wise carparison with control denoted at D!:l§e level. "' p<O.OS; ** p<O.Ol (J?eto prevalerx::e test) 1 Animals with turor/animals alive after cx:currenc:e of first tt.mCr. 2 FibrOacleona. and/or aderana. 
3 All aden:X:a.rcin::ma plus carcirosarcana· 
4 '1\.lo animals in the high aose group had carcirosarcanas. 5 ~ tt.mCr bearing animals. 

is strongly recommended that the registrant discuss their proposed protocol(s) (e.g. dose selection and r~~ge, vehicle, animal strains> with the OPP. 

The Agency has obtair.ed summary data {from the testing laboratory> for the pUblished study that indicate a slight increase in dominant lethal effects in mice at 2000 mg/kg. This suggests that there may be potential transmissible genetic alterations <see memorandum from Kerry Dearfie1d to Marion Copley dated 12/8/88 for additional detail). -There was a low frequency of fertile matings in the first mating period (38.6 % compared to 96 %frequency for controls). However, once pregnant, females appeared to have a comparable number of corpora lutea and implants as the controls. There was a slight increase in dominant lethal mutations in the first 3 mating periods (i.e. first 12 days mating post-treatment) as evidenced by an increase in the percent dead implants over contro:s." This study used olive oil as the vehicle. In an unacceptable dominant lethal study conductec by Cita-Geigy Lt~. in a different strain of mice (40246603), there was no evidence of dominant lethal effects. This study remained unAccepta~le due to the lack of toxicity at the high dose <1332 mg/kg) despite the collection of additional information. The vehicle in this study ~as carboxymethyl cellulose. This may De a contributing factor to the difference in the results of these ~wo studie3. 
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TABLE 2 Ratel of female mammary cumors in the 2-year dietary 
oncogenicity study in female rats {Atrazine) c.run.Bioqen. •410-
1102,. 4/29/86} 

cmme ~QNS1~--------------~~------------------------I:X:5E 
Mamnary t1.111Dr o 10 70 500 1000 

E!enign2 only 
20/88(23) 24/69(35) 21/69(30) 21/70(30) 20/89(22) 

Malignant3, 4 
15/88**(17} 16/69(23) 27/69*(39) 27/70*(39) 45/89**(51) 

~5 35/88**(40} 40/69(58) 48/69*(70) 48/70*(69) 65/89**(73) 

WI.E: Stars are for refereoce only, they refer to the previous table. 

TABLE 3 HISTQRICAL CONTROLS (273 rats at Am· Biogeo. Corp.) 

MaD!mary tumors 

Benign2 only 

Maliqnant3, 6 

TBA5 

mean % from 4 studies <range) 

36 (31-45) 

10 (3-19) 

45 ( 40-51) 

I Animals with tumor type/~ examined (percent). 
2 Fibroadenoma and/or adenoma. 
3 All adenocarcinoma plus carcinosar.coma· 
4 Two animals in the high dose group had carcinosarcomas. 
5 Mammary tumor bearing animals. 
6 There were no carcinosarcomas in the historical controls. 
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3. Cardiac Toxicity 

Background 

Atrazine has been shown to produce cardiotoxicity in a 1 year 
feeding study in dogs (40431301). At the miu dose of s.o 
mg/kg/day there were minimal cardiac changes including di~atation 
of the right atrium (1/4 males), thickened atrium with edema 
consi~tent with disseminated arteritis (1/4 males), decreased P­
II wa·.,es < 4/4 females l. At the high dose ( 34 mg/kg/day), 
cardiotoxic effects included: electrocardiographic alterations 
such as irregular heartbeat, increased heart rate, decreased 
height of the P-II wave, atrial premature complexes and atrial 
fibrillation; and moderate to severe histopathologic cardiac 
lesions characterized by atrial dilation, myocardial degeneration 
<atrophy, myolysisl. Related signs of toxicity at this dose 
included: mortality; cachexia and ascites; decreased body 
~eight, weight gain, and food consumption; and decreased serum 
protein and albumin. Due to the life threatening potential as 
evidenced by these cardiac lesions at the high dose, the mid dose 
is considered to be the lowest effect level even though the 
lesions at t~is dose were of much lower magnitude and frequency. 

Risk Assessment 

~hronic dietary exposure is evaluated using the RfD (discussed 
~arlier in this chapter> ~hile subchronic applicator risk for 
-.his toxic endpoint i.s e·;aluated by a r-105 <margin of safety). 
:'he ~-105 is derived by the following equation: 
:·105 = NOEL/daily exposure. The NOEL of 0.5 mg/kgfd::iy, is based 
on cardiac toxicity in the dog chronic feeding study (4043l30i> 
and the exposure is the actual daily exposure to the applicator 
~aking dermal absorption into account. While it may be 
considered extreme to use an endpoint from a chronic study, it 
is deemed appropriate for the following reasons: 

ll An acceptable subchronic dog study is not available. 
2) The supplementary 90-day dog study (00163339) that is 

available, does not have a NOEL established at the low dose 
(5 mg/kg/dayl due to decreased bodyweight gain in males. 

Jl Although there were no histologic cardiac effects observed 
in this study, elect~ocardioqraphy was not conducted. This 
parameter appears to be the most sensitive indicator of 
cardiotoxicity in the dog. 

·;nt i 1 such time as an appropriate subchronic study is conducted, 
':lle chronic NOEL for the dog should be used for determining the 
MOS for cardiotoxicity. 

MOSs of less than 100 are considered to be of toxicologic 
r::-Jnc~rn depending upon t!:'.e number of days of exposure per year. 
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UNITED STATU I:NYI.-OHMENTAL llltOTI:CTICN AGENCY 

WAS141MGTON. O.C:. Z04eO 

Slb J~: ?eer Revurw of AtruiM 

:rom: Judith:.~. Hauswirth, Ph.D. ~..tJ.~,..Jr_~ .~4-W«d. S/1/~r s.c:tion a-d, s.c:ticn VI 4 

ToxicolQ9Y Brmch/Hm ('I'S-769C) 

To: Rcbect Taylor/Clare G~ 
?rc:x::luc:t ~anager • 25 
Registration ~ivision (IS-767C) 

006!>37 

The Toxicolo;y ar:ancn P..r Review Cc:81itue met Cl'l s...,_. 10, 1987 tc discuss and evaluate the wight. of the eric:SIInc:e en atnzine, with pu:tic:ul.ar: reference to i.tscncogenic pot411t&i&l. 

l. ?ec Reriw o::.nittee: CSi«iJ'&turH indicate conc:w:nnc::. with peer ::eview unless O€tieiVise stated). 

:.; i lli&n aurnam 

;udith w. aau-irth J.._""4 4). +lcudur(.Ac• , 
2. ?eer Reoriw o:-ittM ~ in Absentia: (Caanittee IDIIllllbers who -ere noc. able to att«id the dlsc:uuion: s1gnatures indicate CXII'1CUI:'renc::e with 

~CA over:~~o ::::i- of tt. c-itt•.l ~~. 

:<obert: Belilu ·- _ 
-· 

j I£ST AVAILABlE CIPYJ 
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C06937 a. Material Reviewed: 

The material available for rwiew ct'I'JSisted of a paekaqe prepared by Dr. 
HauSWirth containillJ data evaluation ot a rat ~city study 1 an interilll 
report on a IAilC rat study, statistical analysis of rat ~~~~~~a.ry glaD:l tur.or 
data, historical control data and TOxicology Brandl "cne-liners•. c. Badcaround Infor:nation: 

Atrazine is a selective herbicide used for season-len; weed control in 
corn, sorghum and other. crops. It is used at the highest rate for non­
selective wee:! control m nonercpped areas. 

'l'he c:tsemieal name of atrazine is 2-ehlor:o-4-ethylamir.o-6-isoprcpyl.amino-s­
triazine. The structure is as follONS: 

-------------------A'-~---- ------- -
--~----------:---------

JJ ~ "" 
WsC~N.Jl. ~,.._.,~U.&oa~~ N 

A peer review of the atrazine data was request:ec! by the Office Director of 
OPP in the absence of a III:JUse cncogenic:ity data because of a paaible ground 
water contamination prebla with atrazine. 
D. EValuation oncogenicttt Stucti.es: 

1. Rat 0'\ecgenicity Study - Ciba Gei9Y 
Ref. : TWenty-four month o::lllbined c::bronic oral toxicity and oncagenic:ity study in racs utUizing atrazine tec:hftic:al. Mayhew 1 01.1 Taylor, co, smith 1 SH and sar.u, DA. COnducted by -'-dean. Biagenic::a COrporatioa for Ciba-Geigy COrp. Study No. 41G-ll02. Ac:cession NO. 262714-262727. April 29, 1986. 

sprague-Daw1ey [<:rl:ccas CD(SD)BRJ rats were start«! on diea containing 
atrazine at 37-38 days of age. 1'be doRJe lewls of atrazine U8lld for the dlronie 
toxicity and oncogenicity pcrtiCM of the study were 01 10, 70, 500 and 1000 ppa. 
'1\lenty rats per eu per graap wre U8lld for the chronic toxic:ity grc:mp1 i.e. 
rats used to meuure bl.oad para.ters and clinic:al dlemi.stries and urtnal.ysis. 
Fifty rats per - per C]rQIP were Wiled for the onc::agenicity study all&! were 
maintained on dlets for 24 Jlaltbs. An additional 10 rat8 per sex wre placed 
on control ard hicjl dCIIe (1000 ppa) diets for a twelv. 1101\th interia sacrifice 
and another lO per sex (calltrol and high dose, 1000 ppa) for a l-l lliJDth 
sacrifice (the 1000 ppll9rOUP wa placed on control diet for one liiOGth prior 
to sacrifice). The total D1JIDtr of animals/sex in the eantrol and BD1' groups was 
90 and 70 for the lO, 701 and 500 ppn groups. Histopathology wu perfot'!lllld on all 
animals. 

The incidence of relevant nec:plastic pathology seen in this study can be 
found summarized in Table 1. 

41 



-

006931 
Dose (ppm) 

0 10 70 500 1000 

Females !issue 

: 

Ma.-r.a ry Gla!'d 
f ibroadenamal ·'-29/89** ( 32) 29/65(45) 36/70(51) it68(57) .wea••csl> f 1!:) roadenaraa2 ~24/65(37) 2t/69(J0) 20/79(25) 66(32) 19/75(25) Conly: ~· 

adenanal l/57(2) 0/51(0) l/57(2) l/54(2) 2/50(4) adenana2 Conly)·. l/45(2) 0/43(0) 0/49(0) _0.142(0) l/33(3) adenocarcinoma ---~-------------------elus cardno-
sarcana3 ~· l5/90•*cl7) 16/68(23) 27/70*(39) 27/.f8*(40) 45/90**(50) !BA4 36/90**<40) 

65/90** (72) 
40/68(59) 47/70(67) 48/68(71) 

;~:. ·~ 

~ 
. ••l: · ..... j 

(•-£·-·) 
'I'estes 
interstitial 
cell tumor l/58*(2) 3/59(5) 2/59(3) 2/60(3) 7/64*(ll) 

Note: Significance of trend denoted at control. Significance of -irwise cancariaon with centro! c:Jenotec:l at nrw. level. . .. - - = p<O.OS, p<O.Ol. 
1 Includinr; animals that may also have a c:arcinana 2 Excluding anill'llls that may also have a c:arcinau. 3 '1\oio animals in the hic;h doae <JtOJP he c:arc:inoaarc::anas. 4 Total t:ui!Dr bearin; animals - t of animals wit~ at least one type of mammary tWIIIQr. 

'l'Uftx)rs were analyzed by Peto Prevalence since survival differences· .. re observed in both Mle and feale rats. 
The follc:M.n; t~r incidences were statistically significantly elevated in atrazine treatta rats: 

1. In f~es: 
a. '!'be inc:ic!enoe of fibrOidenanas C incluc!ing animals that 11111Y auo have a carcinc:.a) was increased at the high dose. 'l'tlis increase wu asax:iated •ien a significant dOle-related trend; b. '!'be incidence of ac!enoc:arcinanas ( inc:luc!ing two rats at tne high dose with carcinosarc:anu) was increased at 70, 500, and 1000 PP'• 'l'bis :.ncrease was associated With a significant dose-related trend: anct c. n. total nuftt)er of rats with at least one type of aiiiNitY tumor •as increased at the high dose. ntis increase was associate with a significant dose-related trend. 
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2. In ~1-.s, t~e incidence of testicular intersti~ial cell tumors was 
increased at the high dose. This increase was assG;~a~ed with a significant 
dot~c-related trend (driven by a high dose ~ffect). 00693'1 r~ere were also indications of reduced latency of JMll'lllar:y gland 
adenocarcinomas, since at the 12 month interim kill there were 0/20 adenocarciomas 
in the control gtau'p and 6/20 in the high dose group. 

The historical control range for fibroadenomas was reported by the 
performing laboratory to be 36-48\. The incidence of fibroadenanas at the 
hi~h dose in the aerazine study was just outside of the histocical control range. 
The i~:idenoe of adenocarcinomas was outside of the historical control range 
c 3-l9\) for all treated groups. The rvJIIt)er of animals with l'llilm'lar:y gland tu..10rs 
of any type was also outside of the historical control rarge (28-Sl\) for all 
treated groups. The incidence of testicular interstitial cell tuners was 
. .,ithin the historical control range co-l2t). 
The Canrnittee felt that the Mr:> had ...._n exceeded in female rats at 1000 ppm 
based upon a statistically significa •• t increase in mortality, a 26\ decrease 
in body wight gain at week 13 of the study, and non-necplasttc pathOlogy 
includi~ a significant increase in oentrolobular necrosis of the liver am 
bone marrow myeloid hyperplasia. The mo was reached at 500 ppm based upon 
body weight gain decrement of 18\ at week 13 and an increase in bone marrow 
myeloid hyperplasia. 

In male rats, the m'D was exceeded at 1000 ppm based upon a 25\ decrease in 
body weight gain at week 13 of the study whid'l remained at this same percentage 
decrement for the ranailder of ttt. study. Other non-necplastic pathology seen 
at 1000 ppm was 11111111ary gland acinar hyperplasia, kidney pelvic cal.01lli, 
epithelial.hyperplasia of the prostate and degeneration of muscle.~ was 
seen in females, the m'D was reached at 500 ppn due a l 7\ decrease in body 
weight gain. 

2. Chronic Feedi~/Onco;enicity Study in Fischer 344/LATI rats conducted 
for !ARC: 

Since the full report of this study was not available for the 
Ccmnittee's review it was not considered in the weight-of-the-evidence for 
atrazine. 

E. Additional Toxicology Information: 
l. ~tagenicity: 

Atrazine was negative in the following ac«:e9table assays used to 
determine mutag~nie potential: Ames salmonella assay, ree assay in 
9acillus ~ubtilis, reverse mutation in _g_. £2.ll and unscheduled DNA synthesis 
assay in rat h~toc:ytes. 

2. ~eproduc:tion and Teratology: 
Atrazine is not teratogenic in the rat or rabbit. In the rae, an 

i:1~reased incidence of runts was seen at all dosage levels (NOEL<lOmg/kg). 
rn the rabbit, administration of atrazine (75 mg/kg) was associated With 
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inereued rnorptions, rec:luc::ed fetti weights for both ~~Pes, and inc:'I:MMS in delayed oaific:aticn. In an UMCc:ept:able l-9eneration rep~ion study, no lldverse ~uc:tive effects were :Men ilP to lOOO PPft, tne tu:;Mst dose tested. 

006931 / 
w"hen a single oral cble of l4c-atruine wu given to t.ong-Ev .. rats, 52-Sn wu exc:retec:l in the urine lind 12-l5t in the feces within 48 hcun. t.eu thM O.l\ wu exc:reted in expincl <Xl2• the highest tiuue reaidues wer:e fOU'ld in the liver anc:l t:idney. No metii:)QUte idlntitic:ation wu. dcne in this seuc:ty. 

4. Structure Activity Relationship: 

'trazine is stnx:turally related to sim&zine, cymuine, pc'Qp&Zine, and terbutryn, the structures of whic:h .ere shown belcw • 

.. -t ... 
wH"'Jl.:?- .... c .. ~ 

Simuine 

a. Simazine 

Siuzine ill npidly ~aboUzeci in the nt.. Eighty-six PK'*~ of t.he labelled c:anpcuncl 1a acnted within 14 houn in the u:-ine a:l fee.. 0\~ic:ity stucli• ... CUE'nllUy unciecvay. 

b. cyanazint 

In rats, 89\ of lAbelled c:yii1AZine is eliminated within 4 ctays, 42\ in urine and 47\ in f.:.. The major: lllftii:)Qlic: pa~ are dlc:hlol:'inat.ion and deethylation. cyanuine did not pcoduc:e c:hrcmo:8aaal ll::lerratiCI'lS in bene marrow of mice and did not appMr to be oncogenic: to CD lllica. Adequate oncogenicity stucli• the nt _.. not &Vaihble: ~, • new stuciy in t!w rae is pnaently being c:cnSuc:t.s. 

c:. Pf:opaine . 

FOI:'ty;¥0 peccent of 14c-~ine wu eliminaed in the urine and 28\ in the &c.. ~Y .n::Mnglld pr:opuine wu found in the f-=-s. H~ine vaa idlntifi.S both in urine md feces. 

Pl:apaine hu bam faux~ to be positive for: mutA9Mlic:ity in V7C, Chinese hanultft' cella both with .-.d without a.t.COlic: ac:tivaticn. Hovevc, the rnpcnse wu waker in the pc.-nce of metabolic: ac:tivat.ion. It was negative in a nucleua anauly uuy anc:l in a OOA repair UMy in rat. hep&tocytes. 
Propazine wu negaeiw for onc::ogenic:ity in the ee-l IIIOUM but caused a statistically significant inc:reue in "!!P"rv gt._.,.s t1JiliiiXS in fw.J!I CD rats. Pr:opazine hu recently been presented to the '!onc:oTocn Branch Peer Review Connittee for: c:lusific:ation of oncogenic: potential and r.u c.n classified u a category C cnc::.oqm. 
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006937 
. !:ic;htr-five percent of rinq-laDelled l4c-tert:utryn is ucnted within 72 houn in the urine < 39\) and fecae ( 46,_) of rata. The a joe' metat:clic: paUMrp an ct.IIUlfuration, N-dlethyluicn and s-dlllethylaticn. 

Ted:lutz'yn is not mutagenic: in the AMs S&lar:lnella aaay lnCl the mierc:nuc:leus MNy and c:bee nee c:auH c:hJ:allotlclm& aben-atlCM in YiW in halnsters. · --
Ted:)utryn is negative foe" ~icity in the a>-1 tnOUM. wtw\ adninistered in the diet to female ChU'l• Rivet: CD rats, tecbuUyn inc!uced a statistically significant inc:nue in c:cattined maaary g~ ........... anci adenocar<:~llS!!'M ..:I in CCI!i)ined ~tocellulit WICiili• ilnd c:a.:cincllaa. In m:ales, tel'butryn induc:ed an inc:nue in CO!It)ined t.hyl:oicl follicular cell adancmu ancl euc:inamu anc! in testicular intentitial cell ~. The Toxicology Branch Peer Reviw Cam~itt" hU cluaified tacbutl:yn u a category c~. 

F. Weight of Evidence C'CnsideC"aticns: 

The Cclmlitt• considered the following facts regarding the toxicology data en Atrazine to be of imp:)C'tance in a weight of the widlnce detemination of onc:ogenic: potential. 

1. Adlainistration of AtC'azine to f-.le S~lay n.u wu u.actated wi.Ul a statistic:ally signifi<:a'lt inc:nae in INIPI~ CJ1Md fitlcOidllaua & 1000 ppa, .in ~ glMd .anoc.ucinc:IIIU ( inclu:!tn9 two c:uc~ at the HM') at 70, 500, .ad 1000 ppn, - 1n total 5 ary glancl t..oc' bearing arWnals at 1000 ppa. !IICh of theM inc:reua w• -MIIOC:iat.S with a 8tatistic:ally signific:.mt do..-r:tiated tnnd ard was outside of the high ..S of the histcxical control C'anQe. In adr:lition, then was evicance fcx cllc:reaMd latency foe" maamu:y gland adlnocaJ:'c:inc:INs at the 12 11101\th interim sacrifice. 
2. A statistically significant ~ in testicular interstitial cell twnon was ·seen in -.I.e Spl:'~ley C'ats at 1000 ppnr hi::Nwc, this incruse wu within the histcdc:al c:cntcol C'IIIIJI. 

3. In both male. ..S f..U• the highest doee t-eed e1mc~ the M'J.1) baAd upon body weight gain dllc:J Info in sales and inc:H6Hd axtality, liwr nec:C"OSis, and bane IIIIR'CM .yeloid l'lypKpluia in the femala. n. M'J.1) wa : reached in mal.• ..S f••• at 500 p. 
4. Testing fcx cnc:ogenic:ity in the IIIOUM is ~ay but haG not been o::mpleted. 

s. At.razine ,_ negative in three ac:c:eptable aszays for rnutagenic:ity. 
6. Atrazine was not teC'atogenic: in rats OC' rabbits and cau.cl nor~ ~tive toxicity in r.ats up to 1000 ppm. 

7. Complete metabolism studies are not available: howllv«, atC"uine has been shown to be exc::nted mainly in the urine. 
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006J37 
a. At.razine is structurally related ta simazine, c:yanaztr., propazine and terbutryn. Beth pcopuine and tfttlutr:yn Mve been fet.n:l ta induce rna&1'1Mry tuanon in· nu lnd have been clusi fiec:l u c:ategor:y C CX\COglriS by the Toxicology ~h P..- MYtw Coaatitt•• In addition, C:VII1Cine, prapazine and tertlutryn have o..n fO\I1d to _!:)e negative for onco"!!9Wtieity in the CD-1 ~. 

The COIIftittH c:onc:ludld that the data available for atrazine prcvided li:nited evidence for the on<:09trtieity of the ch•ieal in rats. Ac:c:ording ta ::PA ~uidelines for Carc:inoQift Risk AsseS811111nt (CFR, Sept..,_ 24, 1986), the Committ" elassifiec:l AtraziM U a C.89Qr:y C: OC'IiCOCjJin (pouible human c:arc:inogen). 
Th.at is, adlninistraticn of atrazine to Spr~Dawley rats wu auociated with an increased incidence of IUIIIMI:':f qland fibl:'oacSinomu and lldenccuc:ir.cmu in f~e rats. The increase in testicular interstitial cell tumor seen at the high dose in male rats was n.x considered to be treatma'\t•relatea by the Cl:lnlnittee since the incidence was within the historical c:ont.:ol range ard wu seen at a douge level that exc:e«!ed the 1'fl'O. Atra.zine has not shc::M\ q fllUtagenic activity i.n a:1y :assays <!'lailable to t!"''e C:trmlt.tee; ~. it is st.."'Uc:turally r:elated t::o pcopazill4! and t.er:but'i"\ wni.eh induce ma&mlllC':f gland tma:s in f-.ale r:ats and have been c:luaifiec:l u category c ~· 

'the clusific:ation of atnziM u a possible hUNn c:arcinogm vu tar.tati ve pending receipt of an ~<lble oncogenicity stucly in the ..... n. ~caaitt<M c:onc:luded that a quantit•ive ri-'t ••••~ should be perlcc.d <:b.k to (! > the induc:ticn of malignant ~ gUncl tuaz4 11\d pcuible decr:eaed lat ~· for their appearance and (2) positive SAR daU for l!IUinKY glMxl t~. 

46 



45 006937 
2. Second Peer Review of Atrazine (8/l/88) 
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FILE COPY 
UNITED STATES ENVIRONMENTAL PROTECTION AGENCY 

WASHINGTON. 0 C. %04'50 

006937 

l9SS 

Subject: Second Peer Review of ~trazine 

From: .Judith w. Hauswirth, Ph.D. l1. .. .t.<.d-
Section Head, Section VI r/" 
Toxicology E!ranc:h/HED (TS-769C) 

To: Pobert Taylor/Clare Grubbs 
Product. Manager t25 
Registration Division (TS-767C) 

and 

.Jude Andreasen 
Special Review Branch 
Registration Division (TS-767C) 

The Toxicology Branch Peer: Review Carmittee met on .June 6, 1988 to discuss 
and reevaluate the weight of the evidence on the cncogenic potential of 
atrazine in light of the results of a recently sUbmitted onoogenicity study 
in the mouse. 

~. Individuals in Attendance: 

1. Peer Review COIII!littee: (Signatures 
review unless otherwise stated). 

indicate concurrence with peer · . 

William Bul:'nam 

Reto Engler 

Jom A. OUest 

Esther Rinde 

Judith ~. Hauswirth 

Lynnard Slaughter 

Kerry Oearfield 

Richard Levy 

.~ 

9'" J.«-4 IJ. ~4~ 
-f.· 7 · XI "';1 Lt:: 
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Robert Eeli!es ), ~J:1J.lle. .. 
2. SCientific Reviewers: (Non-comnittee mEfnt)ers responsible for 

presentation of data: signature indicates technical accuracy of panel report.) 
~// ,. -/ 

Sanford Eigelow 4· · · · ./[ 
- 7 

3. Peer Peview COCIII!ittee Merrbtrs in Absentia: (CCII\nittee merrt:lers who 
were not~ ~le to attend the discussion: signatures indicated concurrence with 
th~ overal! conclusions of the Committee.) 

Anne Barton 

Richard Hill 

Diane Eeal 

Marion Copley 

e. Material Reviewed: 

The material avail4bl8 for review consisted of a package prepared by Dr. 
Hauswirth containing a data evaluation report of a IIIC)I.JM oncogenicity study, 
a Draft peer review report of the first atrazine meflti~ of Septerrtler 10, 
1987, and a review of the available mutagenicity dat.a Tt at:-3Zine (Or. K. 
Cearfield, memorandum dated April 26, 1988} • 

c. Sackoround Informatio~: 

Atrazine was tentatively classified a~ a category c oncoge~1 by the 
7cxioology Eranch ?eer Revi~ Committea on September 10, 1997 based ~~n the 
results of a chronic toxi1:ity/~~icity study in the Sprague-Oawley rat. 
Acocrding to the report: 

•••• administration of atrazine to Spragu~Dawley rats 
was associated with an increased incidence of ~ 
gland fibroader;anas and .adenocarcinomas in female 
rats. The increase in testicular interstitial cell 
tumors seen at the high dose in male rats was not 
considered to be treatment-related by the Committee 
since the incidence was within the historical oonercl 
range and was seen at a dosage level that exceeded 
the MID. Atraz~ne has not shown any mutagenic aceivity 
in any assays a·vailable to the Corrmittee: however., it is 
struct•Jrally related to propazine and terbut:o:yn which 
induce ~ary gland tumors in female rats and have 
been classified as category c oncogens. 

D. Evaluation of ~ouse Oncogenicitv Study: 

Fef.: Atrazine- technical: 91-week oral carcinogenicity study in mice. 
J .;. F.azelette and J. D. Green. Conducted by Di vi son of Toxicology 
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Ciba-:;eigy Corp., Sur.m:it, 'Q. Study Nc.: 842120. ~RID No. 
404313-02. 

co-l (crl: Cdl (lCR) SRI ~ice were ~laced on diets containing 0, 10, 300, 
1500 and 3000 ppm atrazine. The number of mice in each group was as follows: 
60 for the control, 300, 1500, and 3000 ~pm female groups, S~ for the 10 ppm 
ferr.ale gr~up, 60 for the 10, 300 and 1500 ppm male groups, 59 for the male 
control Qroup and 58 for the male 3000 ppm group. 

This study has been classified as a Core guideline study with a NOEL of 300 
ppm C4S mg/kg/day) and a LEI. of 1500 ppm (225 mg/lcg/day) based upon decreases 
of 23.5\ 3nd 111 in mean body weight gain found at 91 weeks in male and female 
mice, respectively and an increased incidence of cardiac throni:)i found in female 
mice. Based upon the depression in bod}· weight gain seen in male and female 
mice at 1500 and 3000 ppm and increased mortality of female mice at 3000 ppm, 
adequate dosage levels were tested to determine the oncogenic potential of 
atrazina in the mouse. No oncogenic effects were noted at any level that 
could be attributed to atrazine. 

E. Additional Information: 

The registrant submitted a position paper on the available m~-tagenicity 
data on atrazine, including studies conducted by the registrant and those 
found in the open literaure. This paper was written by Or. o. Brusick and 
110as reviewed by cr. K. Oearfield in Toxicology Branch. 

::Jr. Oearfield concluded: 

It appears from a rev1~ of the many atrazine 
studies available to OP? fr~ submissions and 
through the published literature tha~ atrazine 
does not induce genotoxic activity in in vitro 
studies+ mammalian activation systems:-~er, 
there does appear to ~ genotoxic potential by 
atrazine as revealed in .!!! ~ studies. 

He noted that further mutagenicity testing on atrazine is required to satisfy 
the guideline requirements in this area and that atrazine is a plant activated 
promutagen suggesting that testing of isolated plant metabolites be conducted. 
Dr. Hauswirth noted that the registrant has informed her that mutagenicity 
testing has been conducted on one plant metabolite and that they were about to 
subr.it this data. 

F. Classification of Oncogenic Potential: 

T~e Committee concluded that the ne~ data presented on atrazine did not 
alter their conclusion that atrazine was a category C onccgen and that a 
quantification of risk should be ~rfo~ed as outlined in their June 6, 1988 
report of the first peer review r.'leeting on atrazine. The oncogenicity study 
in the ~-1 mouse was negative for onco~enicity and the review of the 
~utagenicity data case on atrazine jid not ~rovide inforwAtion that would 
change this categorization. 
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UNITED STATU ENVIIItONMENTAL f8ROTECTION AGENCY 
WASHINGTON. D.C. %0410 

00693? 

Third Peer Review of Atrazine - Reevaluation Followinq the Septeaber 7, 1988 Scientific Advisory Panel Reviev 

To: 

Marion P. Copley, D.V.M. 
Actinq Section Head, Section l Toxic:oloqy Branch I (IRS), KED ('l:S-769C) 
Robert Tailor CPM 2s> Registrat on Division (TS-767C) 

and 

Jude Andreasen ('l'S-767C) 
Special Review 
Special Revi.w and Rereqistration Division 

The Peer Review co .. ittee met on September 29, 1988 to examine the issues raised by the Scientific: Advisory Panel (SAP) with respect to the classification ot the c:arcinoqenicity of Atrazine. 
A. Indiyidualt in Attendance: 

1. Peer Review Ca.aittee: (Siqnatures indicate concurrence with the peer review unless otherwise stated). 
Theodore Farber 

Willia Bw:naa 

bto Engler 

Judith Hauavirth 

Marsha van G .. ert 

Marion Copley 

Kerry Dearfield 

Esther Rinde 

John Quest 
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Lynnard Slauqhter 

RobeR Belilea 

006937 

2. Reviewer•: (Kon=coJDittee 11~ ~l.Ale tor data preaentation, aiqnaturea indicate technical a~ey of panel report). 

Marion Cople? (h'Viever) 
3. her Rsviev KIIB~ in Ab•enti&: ( C:OIIIIU. ttoo a were unable to attend the cU111cwuaion: ai<)IUlt~ incUcate concurrence with the overall concluaione o~ the co.Bit.tae.) 

_......._..,.-···-· --· --···· --·· 

B. 

The S» reaponse JH11o:anc:tua troa t.he ~ "'', 1111 aeetinq wa• reviewed by the Comaittee <•ee atta~nt 1). 

c. C:onai4t;ationa~ 

The Panel agraecl with the coaaittee•• overall •••••net of the weight o~ the evidence of Atrazine, cl&lllli~inc) it •• a category c: oncoqen. Al thc:mqh "the Panel !:Mali..,.. that w••aey tumors in Spraque-Davley rata should be eonaidere4 •• a biologically 11iqni~icant tudpoint", they did net agree that a quanti~ication of risk aboald bt perforatd, •tnce 1) the tuacr sitt of concern va• the w-..aey gland in Spncp.e-Davlay rata and 2) "the issue was fUrther COJaplicated by the iaflwmce of secondary tacton auch •• eudoerir.• i.m.balance at high, but not. low do•••"· 

Quantification of Risk: 

The COBB!ttee originally felt (Peer Review ~randua dated August 1, 1981) that a quantitative eatiaation of the onc~enic potential should be performed because ot the occurrence of priaarily ~~aliqnant 11amu.ey tumors at do••• that had tev signs ot toxicity. 

Upon reevaluation of the data and eons4Jerinq t.h~ c~s of tht SAP, the P•~~ar Reviav C:ollllitt4!Ae detend.ned that the data for Atrazine are not appropriate for quantitative ri•k ••••ssaent 
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. cusing the Weibull model>. This was because the tumors occurred only in one sex (female), species <rat) and strain (Spraque­Dawley>. Mammary tumors occur at a variable rate, with a high background incidence in this strain of rat. Additional mutagenicity data have lessened the concern for this endpoint, therefore genotoxicity could not be used to support quantification. There appears to be, although not yet substantiated by data, a hormonal mechanism. 

According to prelimi"lary data submitted by the registrant. there appears to be a hormonal mechanism involved in the induction of mammary tumors by Atrazine. Information contained in HED files on other s-triazines, structurally similar to -·Atrazine.- indicates· that-·they-i.nduce tumors onty-""in hormonally··· sensitive tissues. Additional information discussed at the SAP meeting_,· cut not yet su.bstantiat.ec by actual data, indicates that female ·rats produced in the first or second generation of an Atrazine reproduction study, and continued on diets containing Atrazine for two years, did not nave mammary gland tumors at a higher rata than the corresponding controls. This would also raise the question of hormonal influence in the production of mammary gland tu~ors by Atrazine. 

In addition, there are sketchy data, generated by the registrant, indicating that the Spraque-Dawley rat may metabolize Atrazine differently than the Fischer rat and humans. 

Interim Alternative to the Above Quantification of Risk: 

The Committee members felt that since the mammary tumors were considered a toxicologic concern, the RfD, as used by Office of Pesticide Pro9ram (OPP) was not adequate, therefore they discussed alternative methods to account for the oncogenic potential. Until further information is evaluated, see below, the follow]~g ~as agreed upon by the Committee: Use the LHA 
<lifetim~ ~alth advisory) level set by the Office of Drinking Water \O.I..IW~ .r t:heir Health Advisory !or Atraz1ne (dated August 
1988, att- - :c. 2) rather than eithe&."" tt.e 0 1 * or the RfD. The oow meth~:. • .• - "ers from the current OPP policy for determining allowable dl~~dry residues by including an additional 
uncertainty factor of 10 when calculating the lifetime drinking -:..;ater he~_·th advisories <LHA>, ·..:n; hare otherwise based on the Reference Dose <RfD), to accoun~ :or possible carcinogenicity. The current RfD of 0.005 mg;kg/day, is based on a chronic dog NOEL of 0.48 mg/kg/day <cardiac effects). The value, after accounting for the additional uncertainty factor. would be 0.0005 mg;kg;day. 

It should be noted that, although the Committee did not endorse a threshold mechanism, ~at mammary tumors were 
significantly increased at 3.5 :ng/lcg;day (70 ppm) and above, not 
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.at o. 5 mq/kq;day ( 10 ppm). In addition. in a Spraque-Dawley rae 
reproductive study, ~he NOEL for reproductive effects was also o.s mq/kq/day (10 ppm). Decreased pup weiqht was observe~ 
primarily at weaninq wieh the next higher dose (50 ppa or 2.5 
mq;kq/day). However, it could not be determined whether this 
effect was due eo a maternal effect such as decreased milk 
production or direct pup toxicity from Atrazine. 

New Data Needed eo Reevaluate the Appropriate Risk 
Characterization Model 

The listed studies are currently ongoing. or are in the 
planning staqes at Ciba-Geigy. Preliminary results were pivotal 
in the above deliberations of the Pe~r Review committee. Data 
provided by the completed studies are necessary for the committee 
to determine the most appropriate method, if any. for quantifying 
the risk due to atrazine: · 

1) Hormone/receptor effects of Atrazine, including serum 
estrogen and other endocrine levels (including prolactin if 
possible); 

2) comparison of oncogenic potential between Fischer and 
Sprague-Oawley female rats; 

3) comparative metabolisa bet~een Fischer and Sprague-oawley 
female rats, and between other mammalian species <rat 
hepatocytes). 

o. Conclusions: 

The Committee concluded that: 

l) Atrazine should be classified as a category c oncogen. 

2) The data were not convincing enough for quantitative risk 
characterization using the Weibull model. 

3) The tu.or response was of sufficient concern that the RfD 
should not become the default position for expressing long 
tera risk levels for Atrazine. 

Therefore, it was concluded that, until additional data <see 
above) are submitted to elucidate the most appropriate method of 
risk characterization, there should be an additional uncertainty 
factor of 10 added to the RfD to account for the oncogenic 
potential when determining allowable exposures to this compound. 

The committee strongly recommends that the registrant 
continue to generate data suppo~tlng a hormonal mechanism and 
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'ubai~ 1~ ~o the Aqency 1ft a ~Jaely unnu. Th.a o-t~U. also 
loob favorably upon til• Re91s~t • s 4ecia1on to c:onc1uct aa 
OftCOCJanici~ study 1ft the l'iachu rat. Thia into:aa~ion is 
required tor tho co.mt.ttM ~o cletenino the ..at aptz'opriate 
al temate -thocl ot riH c!eteZ'Ilination. 

COPLEY\PC6\A1'RAZDIB\Plt3. RSP I 10/7/88 
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FEDERAL INSECTICIDE, FUNGICIDE. AND RODENTICIDE ACT 

SCIENTIFIC ADVISORY PANEL 

A Set of Scientific I~sues Beinq Considered by the Aqency in 
Connection with the Pe@£ Review Classification 

of Atrazine as a Class c Oncogen 

The Federal Insecticide, runqicide, and Rodenticide Act 
(FIFRA) Scientific Advisory Panel (SAP) has completed rev1ew of 
a set of scienti4ic issues beinq considered by the Environaental 
Protection Agency's peer review classification of atrazine 
as a Class c oncoqen. The review was conducted in an open 
meetinq held in Arlinqton, Virginia, on September 7, 198a. 
All Panel memb~rs, exceot Dr. Thomas w. Clarkson, were present 
for the review. 

Public notice of the meetinq vas published in the redera! 
peaister on Monday, July 25, 1988. 

Oral statements were received from staff of the Environmental 
Protection Agency and from Dr. James St•phens of Ciba-Geiqy 
and Dr. Robert squire of Johns Hopkins University represeetinq 
Ciba-Geiqy. 

In consideration of all aatters brought cut during the 
meeting and careful review of ~11 docuaents presented by the 
Ageney, the Panel unanimously submits the followinq report. 

REPORT OF PANEL RECOMMENDATIONS 

Atrazine 

The Aqeney requested the Panel to focus its attention upon 
a scientific issue relating to the Peer Review of &trazine. 
There follows the issues and the Panel's response to the issues: 

Issue: 

Atrazine vas classified by the Toxicology Branch Peer Review 
committee as c (Possible M1.1man carcinogen), based on: 1) increase: 
1ncidence of tumors in one sex (primarily •aliqnant tumors in 
fe~ales): 2) a possible m1.1taqen1city concern and l) a structure 
actlVity relationship with agents demonstrated to produce 
ma~~ary tumors. The tumors associated with atrazine included 
ma~mary fibroadenoma/adenocarc1nomas and adenocarcinoma in 
female rats. 
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1. The A9ency r~uests any comments the Panel may wish to •ake 
reqardinq the bioloqical siqnlficance of the mammary tumors 
in Spraque-Dawley rat. 

·Panel Jtesponse: 

The Panel believes that mammary tumors in Spraque-Dawley 
rats should be considered as a bioloqically siqnificant endpoint. 
As such, one relies not only on statistics to de~ermtne whether 
or not an effect is compound related, but also bioloqical 
plausibility. The variability of this endpoint and its potential 
for secondary hormonal influence make this an i~ortant issue. 

ISSUE: 

2. Does the Panel have any specific comaenta rec;ardinc; our 
o~erall assessment of the weiqht of evidence and classification 
of this ch~mical in accordance with the Aqency•s Guidelines 
for careinoqen Risk Assessment. 

Panel Response: 

The Panel aqrees with the Aqency's classification of atrazine 
as a c~teqory c oncoc;en. we are, however, concerned about 
performinq quantitative risk assessment (QRA) on the mammary 
tumor data. The Spraque-Dawley rat is clearly different from 
humans in sensitivity, contrary to an inherent assumption in 
ORA. The issue is further complicated by the influence of 
s~condary factors such as endocrine imbalance at hiqh, but 
not low doses. Therefore, the Panel reeoaaends that ORA not 
be done on atrazine. 

FOR THE CHAIRMAN: 

certified as an accurate report of Findinqs: 

Panel 

Oate: 
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Kealu AciY1•cy 
Office of Dri11Jd.a9 wacu 006937 u.s. lftvi&'.._.aUl h'oteccioa A.,.ac:y 

I. IYr'JlCDCJC"l'ION 

The Kllalch WY1ao17 C DJ '"-•• apoft80cecl b.r c.be Office of Dl'i:Utinlf liiUezo CODIIU .. pcov2.dee 1nfo~cioa oa t.lle Malta dfec:ca .. ualycical •tl\Od• ol~ &ftCI uut::aeac cechaolog dec wul.cl M GHflal 1a 4M.Ua9 viu ue c:oru:.af.nac!.oa of <ll:iald.a9 •tel'• IID&ltb ~.f.ea cle.a-i.!M ll0Ue41\1l4lt.ory conc:eauaciOIUI of cb-iftkia9 vecu aoac-.tnaau ac *!.ell ~ae hMlu efhcu woW.cl noc be ancj,cj,pacecl co oceu" ~ apecU.f.c a;oeue .,_auona. Health A4viaol'ha coaua • •z-v!a of aatu7 co J1C0CMt ..... .t.uve ~ ... of ua popW..uoa. 

lfealt.h Aclvi.aod.aa Hne U iafonal t.e talcaJ. ..... CO UaUt hcf.aul.. st.ca &ncl local oftic:.f.ala napauilllle fw ~ .. p..-.Uc Maltb aaa ..,.l'~nc:y ep.Ul.a ~ conuaiMUoa a.f.t.acioae OOGUI:• 11&81' ue flOC to J:Nt couCZ'\&ecl u le.-1.17 aafoReable ,.._.al .ua~u. 11ae U. ua au1&f:t. co ch&a .. u .... 1Atoaauoa •==•• ava.Uabl•· 

llealt.ll W¥1~1•• ue clewloped tw -~· ua4111ay. ~I'~ Capproad.aatal7 7 ~·· ol' 10• of u .f.a41'1r1A11&1•• ~---) Ucl UfaU. expMana ltu.S oa claU •-=u..t.A9 -~ _. Jot,au of t.oK.f.c:it.y. Pol' tboee 8ubacuc:e. t:b&t ue lcaGWil orr fEG'IIIIItltt .._.. ~ .. ec:col'd!nCJ co tile A98ft«:7 c:1 ... u.t.c:auoa -*- (Qnlap A oa- It. Z.Un!M a. ue 40t. re~ac~.s. 'Ill• c:lt.«aical c:oaceauauaa ~ fol' Glllraap A ol' 1 c&I'CUO<Jen• ue conelat.ecl wit!~ c:aarct.aot••Sc ritlll ut'Mt• !lip ~ a cuc:u potency CWlit. dakJ -..J.ue ~tbel' w£.U u--.tiou fo&' 111-.... -.ce•• u4 the conau~~peioa of c11'1111d.B9 Whl'• 11ae C:Uftl' uai.& l'ialt 10 •••llr decivecl trca t:he UAau .Uti~ .-1. wi.U tS. ...... -.11...._ :.I.W.u. 11a.f.a FOV14ea • low...._. .. tJ.Mc. ot cucel' l'iall to Ia-- a.t s.a nu1 .... e4 •Ualr to poae a c:ans a a 11&1.c l'1allt ill ...... of ..._ na...a _,_. ._. .. c:a&Cel' riak .. tiacea aa7 alee IMI crei.CNI.at .. ui .. tbe _.-tal&. •t.JIIIU. lotit oc p&'Obic IIOCieu. 'ftlce 18 - -••• •dencaa41.119 of ea. •••'-Ileal •=••'­i_.,l...S ia CUI ... M ....... c.bat &AF OH ~ ......... ~ 1a Ule t.o ~eclict riak IIOI'e ~•cel.r tMa ...uv. ..caue eecll Mdel 18 beae4 oa ciS.ffednCJ aaaUIIpU-.. tiNt~ uuac ue -..i'!NCI caa cU.t~• lllf allftl'al orclera ot qpi t\llle. 
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,...1•• __.. coll~ed a1: t.,est aU&'f&c:e wace&" loc:&Ciona ud z. 510 p-CNDcl wace&- locaUola•· 'l!le 15th pecc:enc.U.e ot all ftOa1eR aaapl .. _... 3ol 119/L in Mll&'f&ce 'I&CU &acl 1. t IICJ/t. ill fi'OWld V&Cel: MO~&rcea • fte ••'- conceauauon foud in 8\l&'f&ee -..cu •• 3, lOO \ICf/t. and ia pomcl vacer 11: -... 700 V.9/L• A&ruJ.n• WI.M fCIOWld .in MU&"f&c:e we• ot l1 scac•• &lld ia pCNAc;, -..cer in t l a&ua. 'ftl!a illfon~&~!.oft !.a pr:OY14ecl co ... • CJefteJ:&l Ulpa.eeeioa ot Che oc=rE"eace of t.hia c:n&IILcal !.a Cfi:CNacl aacl aufaco •cer• •• r:e~ 1ft the S'fOU"! clauuaa. l'he .1Ad.1ri.du&l ctau poLau l'euJ...- ve:-ca u&d aa uey c:._ froa ~&Ad b&v. ~-.a c:oftfii:'Md •• to.·eheJ.r 'I&J.iclity. STOII.ft cl&e& J.a ott• MC 9al.J.cl wtlu J.ncii.,J.clual ~r• ue ~:aecl 011t of 1:he cone.- of t:!le eaeil.'e a...,Ua9 1'~9iae, •• .ner are he~re. 'l'huetor:e, ClUe J.atonacioa caa oal.J 1M 1&8*1 to foaa aa iapreaaion of the iaceuJ.cy ucl loc&~a ot a&ll(tUil9 f~ a parti.clll.u cheai.c:&l. 

• AtruJ.ft& 11&8 Mea foaacl &l.Aio ill P'OIUlcl vacw .1a Peaaay1qnia, tova. Ne!»raalc&, 11Lac:ou.f.A aacl MlllJ:Yl&acll cypJ.c&1 poai.ci.,.. wr• o.J to l ppo CCObea ec &l., 1916). 

• All aerobic aU •·~Ua acwly ia LU&l&D4 a&aciJ' loaa, l& .. ncawa aJ.lcy cl&J lo .. , aacl tllb&clbe aUt lo.a •.U. • ....._ C:Oft~sJ.oa of &UUJ.Ile 1:0 hl"koqaUUiae, &fee&- I ...aka, 1:0 be ll, 40 &llcl 4-,. of Cbe &IIOUftc appllecl, napec:civelr .. canu, 1•1J· "'- acld.f.eiOGel cl~&cl&cea, 4e~l~te4 auaiae ucl ciM&IlJ1&te4 auuille, wl.'e J.ducitie4 .t.A a NAciY lo&a acwly (IIQ'noll u. &1., 1112). 
• flude ucl ~lw ( 19,.) at..U.e4 the effect ol watu-boldill9 capacity on the rate of cSecrraclacioll aaci fOIIDd a b&l~·ut• foco auaaille of 110r:e tbu 12 s aye, l7 4aye aacl 16 clara ill eucSy •U MJ.ct at u, 35\ &ftc! 70' wuzo'"holcl11l9 ca,.eJ.cy, rupectJ.w1r· 
• In O&kley a&llilr 1oea aacl lU.c::ollet clay loa., aUuille h&cl • h&l.f-lile of 101 ud 167 day• (1a.nodl: aacl :.&C'f, 1971). 

• C&rboa 4101d.M .PI'o41act.l• wa ..-a'ally a1CIIw J.a ...u&l aaaezoobic eoilaa _..,. loaa, c:1A7 loaa, lo.-y ..... u4 •Ut leNa <*lf ucl M&C'tia, lt7Sr GD....U a4 ~--.. 11111 I.A9J' • &1., 1t7l). 
• l~-A&&-&alM W8 atUle ill aeC'Obic fC'OUDcl -tel.' aeaplea !.nc@&tec! tor lS -u. at 10 0&' l sec ill the dul& ( V.iciJle&', 1974) • 
• Alau.iae i• ..-coately to hi9b1r -*11• LA •ila coaa¢1l9 ill cenue t~ C:l&J' &o tlr&ftl1y Mftcl .. cleunli.lle4- .u tbill lay&C' chZ'cu.­t04papby ('fLC), colulul leacbiA'f, allcl &Uocpd.oftla•zptioll batch *IUilib&'iqa a~UIIU.••· Atra&f.lle Oil aoJ.l '!U: pl&c. •• illtenMdia:ely ~obile ill la.., •&llcly clay loaa, clay toea, ailt ~.. ailey clay loaa, aAcl eilty clay •ila, allcl •• .aaue 1A uady lou eoil•· Hydroxyac&'&:iae •bowed a low eobilicy ill ~ lo.a &Ad ailey clay loaa eoila (Jiell.in9, 1171). 
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• Soil adaor.peioa coefficien~a to~ aeruin• in a ••~ieey of 80ila were: aan¢r loaa co.&), ~a .. llr saa4 (l.ll, ailey clay c5.6J, clay ~oaa (7.tJ. eaadp 1oaa (1.7), ailey clay l~ Cll.&J, and peat l.ar• ehan ~1) c-.idner, 19741 t.vy 19741 T.Qlbere an4 Fleecb&ll, lt&S). 
• Soil c:olUIIft aeudie• in41c&ee4 auuin• -.a Mbila 1a sU<S, fiAe sandy Loaa .. aile leMA aa4 10,..1 Lnuraecliaeelr •bLle 1ft aan4, a~!-~y cl&y Loa~ aa4 aaadp leta1 low eo Lzae•ftiii41&UJ.y aobile 1a clay Loaa IW.l:lner. U74, :.vy, 19741 tYeF aacS Aftck..,., U141 :....,. ucl Aaclrev~~, L9455J • .. In a N£aeia•ippi fie14 aeudy, aeraaine !a ail~ la.a aoil ft&4 a ~alt• life ~ 1eaa CA&n 30 d&ya cPonaoy, 1971). ta a 1o&a eo sUe loaa soil !a 1Unne80ta, &UUiAe pllyeoeoXic ruicluea pera.f.a~e4 for aor• than 1 yeer aa4 -.re cS&eeceecS in the "atia1&a~ aaap1es c 30 eo 

• 

• 

.. 

• 

4~ izu:aeal CDa:W.ftC ucl lehreaa, 1 HI). ta ..Uullr& .. phy1!:otoltj,c reai4..a pera.1ae4 in ailey clay lo&a aa4 loa Mila 11 .antha af~•r appl.icaeioa of auu.La•• ehey •r• fOUAcl at -.u. of 12 co ~4 inCh••· au: aernaine phyeoeoXic reaic!uea '1\&4 a baJ.f•Ufe of &beNe lO days !.n AlU.. fine aucly loaa aoLl .. &lehouqll lMc:hinq ay pan!-.\ly account: tor ~a ••lue caucnan&a and M1ltb0l4 .. 1973). 

Oft4er eqwaeic field coa.clieioaa, 41aaipauoa of auuiae •• =• eo la&c:h.lJ19 aa4 eo 41li&Uoa br ~Lpuoa -.eer, With neictua peniaUnq to~ l ya.u:• ia ao.11 oa the a14ea ucl boee.c.. of ~i9aeioa cSiecbea, eo th• -..u.. clapth a-.J.e4, 6 7. 5 eo to ca ( llltth ee &1. , 1 t75l • 

Cib&~ ( 1 H8J nclftUy nlllaheecl ~au oa the aeruine Rc&lth AdYiMC'l'• 'l'h••• c:a.MDU iac:lQdect • .,_cy of the naulea of i~a aeud.t.• on Cl'le ...,.ira.eaUl fa~• of auu!fte. 1ta1a ~ ind!ca~e4 enat l&boratory 4~8d&~cn .eudiaa •~ tb&e aer&aine !a ~•laeively at@le .f.a ella aqaauc: .edJ..,_•.a WlcSer ean~e&l pa c:oacSieiona an4 indJ.ca~ed t.hae aua&Lne cl&f~Z'~ in aoll bF pboeolpia &A4 aic:obi&l procea.... 1tae pzooclw:ta of 4ecJr&elaeioa ue daalllyl&Ucl •eaboUtaa, hydzoo.,.aer&aiae U'4 ftOft&XU'&c:cable (bcNaciJ nai4Salaa. Aera&Lne ·and eh• daalkyl.&eed •ta&lollt• ua Al.ae.t.Yaly ••.f.l• wbueu hydz'oxyaeraaine 18 , +11•· 

CJ.b&-QeJ.g C1MaJ alao .iAcU.c:aeect tb&e fielcl 418aipaeiora .e11111a• eoa41actlllll 1a Cllifonia.. IUilll&&OU aa4 ,._.... ... abclw no laac:hinq of auuJ.- aM •c.boUt• below 6 eo U 111Cbu of •U· 111• h.alf• u..,.. d IU&dM in •U r&n..S l:Mtewoa ZO to 101 4aya, ac:ape in • 1 a=tu&a ,._. Mcp-acSaUon •• slow. A tonauy daq:8d&eioa aeudy ~ 111 ~eta• abowecl no &clwr•• eft~ oa either unaaual or ..-uc: &aYi~ta. Alao, llioc:oac:uuaeioa •e..adiaa haYe ahowft lov pDt.Ual fozo bioac:~ul&tiora vith a raa91 of 15 eo 77X. 

AeraaJ.ne appaara eo be raaclily &baorbed froa the qaaeroineaaeinal tract of aaiaal•· l&kka ee al. (1972) a~ni•earld 1in9l1 a.sl~9 do••• of 14C-rin9-l&bela4 &tr&aina to raea by 98Y&91• ~tal fecal 
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' !") ,• 9 3 7 -1.:..: I eacnc.Loa &ttu 72 bouc •• ~o. A of ~ &dll!.ftJ.~ect joca, 1:!\e ~.D4ax.- .. •cnc4ld ill viae CI!.StJ O&' zoeuifted u eia.-wa• ctS.a\1. 'DJ.• iA.ucau. caac ac la .. c lOt of ~· ckMa •• &beo&'JMcl. 

• kJtJal ac &1. ( tt72) &cllll..n.f.8t:uecl •Lo9la o. 5l11f 4oee3 of 14(:-c:..nq-1-.lecl &c.zo&&f..ne co C'&U b7 .. ,.... U.Yel'. lcJ.dllaF &:sci lwsq COft~&!.ned uo l&~ac -.ou.nu of l'acUoe.R.&.vicy. tlltl.&.la t&~ ud •.cle 1\&d lower r .. J.du.a ~ella ocbazo uao._. u.-ta•4· 
• .ta a •euoU• cc111idy bF c::LM-a..l.a' ( 191la). cha zoM!.oa~J.v1t:y ot '4c:•uaa1aa uftlally .,~ .. co Jlu14a lpZ'&9\iaeCavler coau ac o. ~S •Cfllcv wac cl.f.auibQcC'Cl co • ai.BO&" uceac co bodiF C!.a•u.oa. 'the h.f..-.acc laftla vet:e ..... _. La l.f.w.: &a4 IIUecla ac aU t.t..a po11u:.a axa.J.aecb 2. n of Cha &ppU.ed doea ~ ia waac:la aacl o. S\ !.:a :..t.ver .at a hou•· 

• . lh&a ad Po•c• ( 1 t76J ot..~ U.c La ebic:Jteu t:.ba !':ydzooqr aeu.bo• lieu ot &U&aina .ac:c:wnlato 1a 1:.be Uftt:. Jd.dB.,-. ~ &ad 1Wl9• Rea.t.cluee of both 2-chlon &a4 24,..._, •LeUaa 1lllali'e foud 1A c:h.f.ctcea CJiaazo4. iata.Uaaa. 189 --=1•• U...t aaac:la &a4 abdomn&l fat. 
~u-

• 'tile priac:J.pal &'MC:UOIUI ilwol'NCI 1a Clae McaboU• ot &Uad.rla ua cle&llcyl&tJ.oa at the c:..,. ucl C:_. pMJ.Uolla ot t:lle •lec:W.a. 'l!lazoa !s &lH ._. wiaace ot clecbl.O&"iA&tJ.oa at t:lle c:-a pcMJ.~...._. 'l!l••• <~.au ..... zoapon..S by •~al naa=rc:lleca ae 4-.uat'll!ll balaw • 
• 

• 

• 

.. klaa at &1. ( 1973) aclld.IIJ.ftaHcl •ia91a 0• Sl...., doeee of '4<:-riaCJ­lu.lad &t&'uiaa t.o &'&U by ....... ,. •• tbu. o." ot t.ba lUal &ppaon4 1a c:&&'._ cU.od..S. !A a:p.&.ftMI atz. lll:aat of =a racU.o&c:e.I.Yity ._. &'ec:~ .. 1a tM u&'UG (65. 5\ ill 12 ~-, • 1ftc:11JdiACJ &t 1 .. 8C 1 9 racU.oactJ.va =-.~:~u-1111. lll:a&'G cua ••• of tU aiaaq· "~~viey · we 14aatU1M aa 2-b~Uaaiae ud ita t• -.o ... ""''IUlkylata4 •C&MUca.. ._ cd ua •calloUt• J.MatUiacl c:oaeahwl 'Ula· 2-ehlo&'O •iaq> (~c:Jl •yll&ft Ilea& zo•:...S na llJUol,.ia ~ Ua i•latioG e~ oc a., • decllll.O&'iuc.ia9 _,.. u ......-c..s 1'17 the s.a vtuo GC ....... cd ...... d. ale ( 19Ht • ... fou4 ericllac:a fOt: & dac:blO'ii'ft&8e ia cld.c:kaa U~ t J g.IMtaa ~CM witll &Uuiaa) • 
..... uct •z- C!ll7) iclaUtiacl ft'M vuary •euoUua of acruina 1a ntaa ua CillO •aocle.alkylaead -~Utu of auuJ.aa. Uair ~ acJ.cl cluJ.Y&tiftG &ftd 1:ha fld.ly 4Mlllyl&tecl cla'iftCift• All of ~ •C.UOUua c:onuiftacl ttla Zoec:a1on CJ&'fNP• 'lila 1ft vit&'O •tucU.ee of Dlli&UI'IIaa &ftcl *-eke ( ,,., &l• foucl ftO .. i4a'CO'Tor clac:ftlodutJ.oa of auuJ.na in t.ha ~ ... nc:a of rae Uvar ~nat••· 

Si&f.lu'ly,. ll:&clwy &ad MIDGGMa C 1912) adat.IIUCUM &Uuifte (50, 5., o. S or o. 005 119/4ay) fol' l day• co ala O!U'la Bftl' rau u4 oblanecl tb&t the fully a•JJtyl&te4 4GZ'1Y&t1va (Z-dllOI:0 ..... 61.1.uino­s-czoiaina) •• t.ha •1or ~iury Mt..Z:.OUea. with !.UHzo aao\Ulu of the e~ aono-N-deallylaea4 clerivacivea. 
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006037 
• l~ickaon ac al. (1t1t) ~~ •tc~n-Noo~• ainiac~• piqa by ~&v&qe wiu o. t If of auuJ.ne CIOWJ. 'ftle M!OI' c:a-,rsudll ideftcifiecS !.11 ene uu. VIU'e the p&l'eAC C011p0\11lel (&U&atne) eftel deechylacecl &c~u!.ne (*-idl c:oneuna u• 2-crbloi'O •uiMIC!~WiftC). 

• II&UMiizoth ( 1 HI) inclie&cecl chat Ue nc Mcai:IGU.- •cla4J.e& ea~cen totethol' •~"• •~fieienc co •how Chat in ~• t ... l• I'&C &eehlol'!.n&t!.Qn of the Cl'i&aiae I'LB'f &Ael N-de&1kyl&c1oa &l'e eh• .. ]OI' .. c&bolic pachvay&. OICLci&Uoa of ~· al.Jiy1 •ubeuclMftt& &p,..l'• co be a a!. nor 

• 

• 

anel second&r,r .. c&bolic: ~••· 'Bl• total body h&lf•11f• !.a &pproxisatelr one uel one-ttalf cl&ya. Ac~uine ucllol' f.U u~U te& appeaz eo bi:ld to rf!d. bl.oocl cella. ~•~" uaaue ac:CUIII&lac.toa <1o4M aoc appuzo to oc:cur. 

Ul'ine &ppeu,. to 0. Ch8 pr1acti.p&l l'OUCe of &Uaaiae uc:ncioa !.n aa.t.Mta. ~!.lowtn!f the &clld..Uuauon of o. S q dot~•• of 14C~inq­l~lecl acl' ... .ctn• by ,.,.,. co I' ace- laklce • al. r 1 tn) ~"•ton eel t!l& t in 72 beNZ"" aaec of t.be nclioeecL•icy ( 65. S') vaa uc:&"et.ecl iA ue I.U'ine.. .zo • .z' •• uc:reced in the ft1Ce8 .. &acl 1••• t!l4a o. 1\ appeazo&d •• c:.acbo.a d1011.14e in upincl au. Abwc IS co ts• of ttM u.f.DUY ndioeec.!.Yity ap~eel Wictaia the t.f.zoec 24 bo\aze &ftu ~ill'f" in~e&~ l'apiel eleal'&nee. 

O.ut:usatl anel M&aedte C 1 974) have npoztecl Cb.ac &UUille .. u.boUte& ue coaju .. ctlel Wicla 'fWUCia101M co yield a MZCapCCie ac.f.cl ill ue ~Ui~•· 'lise ac111Uu of Poacu ec al. ( 1 t7t» ill c::b.t.c:ke~a Uver hollo­genacea al&o icclicac• Claac auauae ~U• 1~a90l'N& !flue&ch.f.one. 
• Ciba-Geifi' C 1telb) aUdied Clae acnt:ioa. race of 14c ... uuifte tree llada~a ~p&-atue-cawleF uta .S.naU.y 4oetl4 with aua&Ue cl.iaeolYOcl !. n UUU~U&Il ac 1 .... 1a of O. 025., 0. ~S., ~. S o&' 5 acr/ltCJ• Qr:ille &nd tee:•• were collec"Ced fr• all uiMla ac z•1ou acenala for 144 nou.re. Jlllt.W.u La41cated ~c auaaiAe ... reaclily U.O&-becl, and withill 41 bov8 -.c of &be &b8ol'becl clcMe -. uenrced .. -..t..nly f.n the uriAe ucl tA a 1 .. ~ at•c 1a &118 f.-.. c.alaeive ezc:reeiOG in uzoiae aac1 f8CtMI ...,.u.S co be 4lftc:cly prop8UOB&l co the aclallliacend eloae., raA9iA9 h'ca 52• at &be lCNe&c diNe to 10\ at Clae hi peat ctoe•. 

IV. I!UL'1'11 Ur.::ft 

• A caae ot ...,.r• CCAUc:c cletut.ieia •• raporcH 1:1? Scl'l.lic:he&- Gel laac C197Z) i~a a 40..,..r~lel fan ~~~arur ...-ec~ to auasin• toreJ.­latioft. 'ftle c:U.Aic:al dCJft• ,..r• r8CI., h!Dll• ucS bUacued hancla with n-=-rma!fic: ball•• becweft Cite tift91ra. Alchc:NCJb .Lc ta ~•d that. =• expoaue of Claia pacieftc uy b&9e 'MeJl iftc:lu•J..- co axpoew:e to otnu c:h..S.cau J.ft aci41Cioft t.o auuine., 1c 1& abo Deci~Ct that at.rUifte 1.a a &IU.ft J.uiUftc 1ft a.niul acucliM. 

64 



tJQ6937 
• ~ ee al. (19721 e...taed ~z=•a•a••• La l,_.bocrt• cqlc~•• c.-. h'e~~ qz-ieW.evd !IIOzoqz-a ...-..s u bel't.»Ld4u Lacrll&d.i.aCJ auu.ta•· 'l!leJ:"e wz-e IIOJI'e CIU'•a•-J. ~ae.toaa J.a tile !IIOirlut&'a d\R14CJ 8!4.,..._. ea~PM•• eo bwblct.W.e CIMa <lvia9 tbe off-. .. aora Cno epJ:"ay1aCJ). 'l!lae ~-~ Laclladed • fov•folc! iaueue !a C:!'U:'._.C!4 ppe &M & .25-tolcl ~ 1a -.-.ef.cl H8aJul• 0.1llCJ . t:he ott ... aaaoll,. t!ta •• -M&' of ...,_ u4 e..u. •• l.Otllar ill Cb!e 9JI'~P Ch.ua ill c:oauol.a wM ._. ia oc_,.ti.OII.II ~&~&UJcal:r to 1mro1,. hut.»id.cla -.o•••· 1t&.U GM..-..U.C. led .a. auebol'l to apecW.au t:nat tau• !a eu.uac:H cu~•urd nta1c ct.riq W.. puiocl ot ci:ae l'eaultl.q ia ~ftMM1:7 p&'O~. ._....JI',. t.bae 4AC& Ulf' I\OC be 
r•pzo•t~Uuel.,. of eae .• erect of avaa.n •iaca ea. expoeett WC~II'iat&'a we&'e &lao uposect to oeau buWct.tc~es. 

• Afttl Oll'al :.Dso Y&ll&•• of l.ooo 8CJilt9 ia l'&U ... 1,. 750 •9/lCCJ 1A a.tc:e b&'\Pe -..a npon.a foe" lt4M:bat c.l avaai.M ll'f ••e.uill ( 1 9'74)' ea. pvit:r ot eae t .. t c~ .. aull _. -~ .,.a.uec~. 
• Ac:~~te ozod atadiu ~- J11F a.M~ ('I tie) with aUU1M C 9"' a.s..) J:"efl.nacl cMI fo1law1A9 r.oy.a '·•' 119/kt 1A l'&U uc1 

~ l,. ooo -.fkt ia a.tc:a. 

• ztolaa.l' c 'I 97'1 » ll'epoeucl ua~ •• auaJ.ae -. Mlllu--.. !If CJ&Y&CJI to l'&U ·~ l,. ooo IICJiltt.,. ' ' of t:ae nu cU.acl wtuu 6 bou'e,. .uaci 25' 
of tboae JI'M'tnlat cUM w:l.tltJ.A 26 .... 'J!M &'&U 1:.b&~ 41ell C:.W:iACJ ene f!ze~ day aa1~1Ud p'llM"UY .._.with .neuift llaoJ:"l'b.a9ic: foci.,. ea&'4.f.ac: cU.laUoa &ad ll!.c:~ b....nafJIM J.a cMI Uvu u<l •plea. MU U&t 41841 411Z'ia9 eM •••• 87 W -.ou~ic: ~~­pa1'W:a.1a ud ctpuap&J.c: -...- _. cu ~ ~\JINJ.u -=••· MU ••c:1f1c:M due 2• taoua w CU"thnl. ..._. UJCI ~cal u~•z-•uau J.a ta.e 1-.. .. u-... .,.. 111Nia· a u D~~Kad ~ ~ c~oee 

ueed La tla.U ---_.&laM& 2 a eM f.Dso Cc:s.M-GeJ.g .. Ull). • a. c ... u4 r.&a~ea- « 1tll) c~etezt~S.aelll tM val LDso !0&' aclu.lc ule aa<l t..:.e nu e. lie 137 &M 672 ll4fl1t9 napecU'M17 u4 2,.l10 llfllltt fol' Plfill• t• s.a.,. ~to~•· noe.s tiM& ,._.. an•Mle u:e eon MUJ.t.t.•• CO &Vuiu t.U.a a<lult•• ~J.e ·~ &l• Nflecucl that t.be cleftYJ. r.DJI to&- ..Ut .-au •• higl'le.- 1:lMA 2.,.500 tlllfk9· 
• P&~ u4 IHeleff ( ,_., adlll~ 4luu.i.M u a flld.4 dilution or ill CJ~l&Uil c:apaulee to Dii1Aille .-.. u4 c1aU7 cacue Cou &~U.Ml pel:' 4otlap cp:caap). 'fWo cSoaa of ZSO 11CJ1k9 auuJ.u ca\&Hit cleat.h in bo~ ahHp uc1 c:ac&l•· liuHB ..._ of 100 11CJ1k9 •n 1.~ to en• one aheep &latH• At ftae~opay, U9IIII8~&Uoa &114 ci.Ucolo~&Uoa of the a<lreaal tlanda ucS c:c:mcpaUon ill 1..._.,. UTU &ad ~c~Mya wre c:»Muv•<l· 
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006!137 • Polll~l' &~tAt b.cleleff C 1 Mt) orrally ac:II&Lnu~erred &uuJ.ne IIOW c andya~s 

.. 

of te.a~ lllllll:uJ.al not: p&'OYi4t11cU ~ c:apeul.e orr by uudl eo .sMep u !¥ 10, ~~. so. too. aso orr 400 •.rkw/day and to cove ac ta. ~s. so. 1ao Oil' 250 ..,._9/daF• 'Dlti ftliiiiUMII' Of u.&ule La Mc.tl dua41t1 CJI'Oiap ¥&8 l'lCIC eucecl,. ud ue 1&8411 of c::ofttii'OU .,.. flOC tadic:&f!M· Obee~ efhc!i:: 1actl.Ud414 -~g spa-.. eUl~..S 9DiC 4lld Sf!allee Ucl 4llO:t'eai.& 4C all 40M J.~a ia a!UMp Ud <lilt 25 -.1Jl9 ia cacue. lflllc.:opey reve&l.ec:t ep.&.c:ucUAl ~· C .-.11 ll~acp.c: spou oa ue 1inift9 of ~· !'teuc) aad c::a .. auoa of Clle su.~. u ..... .aad J.u.-. Uf~• appe&red co be doee &-elatM• A Lowac...O.cn:ved..Yverae-ltff..::c t.v.! t LO&SL) of S 119/kfl/d&:r La eb."f ucl <111 IIDoaCbeei'Ytld-Adftrae-utect. t.eveJ. C MCUL) of 10 aW'ltfl/d&y 1D CCMI c:u btl 1de~&Ut1M frca 1':Jl!..a nudy. 
he!ww:'!a ( 1974) repro~ tll&c ocal MIILAiauaUOfl of 1GO .,YluJ of auauu co cau llacl & b7J10Caaift dfecc .. u4 tll&c & s1JI.U.ar close .;.!\ cio9e "'IIla UUUVtiUC: &114 ~ NINa cbol.iflutei'Utl (~) &C:t.!.Y!.~y. :1:1 ctbu cteuit. of U.S.a atudr Wll'tl l'tllf!OftH• l.ltJ:ad.ae La QOC &fl orrpAqpbcNipluu:e COil» .. t.llUefo&'e,. J.u effect = c::ha uy ace be s.f.at.~ar eo t:he ~- of 0\B la.batua ~ olltl. 

:za a prJauo:r de.:ul irrrriuU. tut 1a &-au., auui~&e u 2.,41100 ·~ ~uc:tld ~- l'Mt flO eyac.-lc: dfec:ta c Glllwyoul&iy ec u.. .. 1 t77l. 
.. C:.I.M~ia' ( 1 .. , irac:U.c:acM 1:Mt ue llt.U.u it perio~ ~nec:t.ecl aZ'Ml seu.itiatioa in rrau l'Mt •t in.iuu• La l'~iu • •:re•. 

• J«aalt.cn ~atol!'.iea ( 1MU fed auu.ine to ale ud ftiiiM.l.e rats for 2 yun ac tiet.Uy 1_.,.18 of 0., 1., 10 orr 101 PPI• ked ca tile cU.eeuy AlltNIIIpUou of z.._.,. C 1959), tbiiM lft41118 eorrnt~pcad to cloeea of approd.Mtlllr o. o.u .. o.so ozo s.o SfJ/ll9/ur. .Ute~' 65 we«a, tt&e 1.o..,.,.. diMe •a iac:nMtld to ~ .. coo fill uo ltfJik9/4Ar> to" the l""'MI!•dar of tiM at._. Rl U.tMat.""'''l'latllll pa~J.ow •a fo1.1Ad at 26 --.,. at 53 ....-. .. &t 3 I'Mft• oc ia .. tub t.h&t died ucl. · wue HC:I'CIIIIM ~ ~ etwlr• -.uu of !'»laM 11M Vilw aul.,_u ~e al'nl""lltlee UZ'ad.M W • e.ffMU • tM fU.UU &ppeU&Aetl or blba-n. oc t.M nt•• A uau.t.at ~a of t.tM co&c ucl p~ wn olleenecl ia .._. ansule attu zo W!MIIta of uaataen~ at t:~ae 90• U4l 110.,.. t_..le 1:1ut aoc at 53 .-a. I&Mf •.J.9'1t C)&i.:1a, to.l ~ad 81.1.n'i'll'&l •rre e.iii.Ual' in. all CJI'wptl torr 11 1 IR)s., lllrll& f:lrclla UD co 24 ~u. there •• h.i«Jb .nal.1cr em. co i~ (ad atu.u:.&tecl co euuiu) ira ail__,.., iac:lwlinw c.-a-ole., *La Uau the ~fuluea of t!Ua at.w:lr .1a cletenU.Ain9 • ~fOil'~ ~C: COar.i.C:it.y of IIU'Uillee 

• xn a 2""Ft~U' etMY ~ ~cl.u'cl IIQeuc:h CDqonuoa t ~M4). &t.:uune c SCM fonul.&Ucm) •• feel to ale uel faale bM9l.e ~ fol' 105 ...,..a ac cU.eu~ 1_..u of o., u., no ozo w.,soo ,,... IUC~cl em we clietuy UINI!IIptiOIU of z..a.an ( 1 tJt) .. theM lll'ftU COI'napou to cloeea of o, o.JS., l.S Ol' lJ •tlkt/d&r. ~1••1 ~•-.••- ~ •iqht 
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006~37 CJ.U., fooel uu.ate~ IM~ior., eppa•urua., h-..t.olO!Iie ft.Acti.nq•, \&&'.UUllf84UII, o~ 'IIIIIIIIJ.tftU u4 b.UUJ.O~t!c =a a.- li&IU'III BO~M• 'nUa n.,_ ...... (O .. U ~lf/U:f) pr~M M toue1ty. ~u~ ~- f50~pill 
4D•ua.- c l. 5 ~q/fi:t) ea~ a <!IIICH68e .l.n foocl .l.GUJ~te aa wl.l ,.., inC:ZOIIIUe<! h~ &Bel U~ •ithV. in f-..a.Lea. til ~Ill q:c'CN!jl t"4lCCii'IV:.:t<r 
' .. soo ppa c :u ..,ltq/<!&y J a truine., tllue V~~~~~re cSecr~Du4ua in food Lntalce ;and boq •.Lc;lbc ~in • .sa !.r&C:!'IIIdUI4l !.a ~al. •Lc;t&t. .. & 
decreaae Ln n ... c~it. &a<! ~.LOft41 ~&aors ~ at.iffnesa in the re&r l.!..'IIIA:UII· ~- '11111111:'41 z:ao cUff---• -.nq ~ 41ffumt. ~CNP411 !.n c:l'le 1\i.a"COLQV <14 :he or~e at....U.M.. li&eed oa tllf&aa l:'fll!IW.ta., a ~£1:. 
of O.l5 llliCJ/IIUI/<!&y c:aa btill L<!snt..Lt.Le<! for auu.t.ae. 
In a r.n:l&dy by <:a&~icw (tW?b) wa1nq ~cal .auu.tne t 97\ a.f.. l • 
ailc""''IICnt.h"'ftl.4 M4ql18 .,... •ra ueipC!IIII rencklllllJ' eo e~ ~•.cqe t'l'CUPIIIa 0,. 15., 150 ud 1,.000 PJIII• ~ ~ C:OI:':c"aepond. to &c:tu&l. 
&nnqe i.Al:.Ute <14 o., 0.48., 4 .. 17 ad U .. 6S/U.a hlllalelf~~~~~~~o~~~l.eJ ~~q/ltq/:iay. 
S.b ~lai/~BGX./tlfell.a~ ~ U&~ipa<l eo ~ c:cmc.nal Uc! biqll <ktsf& qroupa 
a44 l!o\l.'f' u.t.a.al.JUJ~-.1~ -.-• ueipM co ~ l.o¥ .. .wei u4~e q:c'CNPIII• 01\e IIU.cl ...... e MJ.e, c:ma llittl..._e Ml• ~one bi-~o f.alo 
a&c:t to be uez-Uic:ecS •z-~d ~inq ue n~ p~dod.. D~DcYa.d. body •J.C)Ihe gaina~ ~ food ~UIIIIpUem 'IIIIIIIIZ'e ootillld at. ~ bip-c!e~~e l.4!m~l. 
suu.euc:uly a~ipilic:~m~ Cp <G.GSl :~OIUI ia ~oil! pu-.~•n (&-M cf&U, CCMmt .. h ... ~ ucl ll~toa'it) 1A lUqb""'kMkMe -.1M ~­ftC~ed ~~c ~ u~ u •11 u IIU.l4 ~·• .us pl.a~•.tn e~U !ta bo~h &~lllahiiG• SUC)Ih~ ~a tot&~. p&'O~Uta &tad &l~fl :~ < o.!U) ~· ~oca a kt • .,....e ala u •U. u ~~ ealc:iua au ehlcria ita 1!1181•• .-u~• ~NCU...- u4 9l=oee ita f.alt~te • I'Jiite:c"Nil8 in ~lut\e bMn Wlllltip~ Wllllt:'G ~ ia faulM 4ftd ~~G4 
~el£Uq li'I'H' veitbt. ita alee of u.a 1Up..._,. ~P· 'ftle 11114-c!oa. f~•• r•fi•«• ua .t.a~• a ~ U.Clu~e ~ •itbt. .me~ hN.I'f'./~z-Ut& •1•t raUcNB.. 'ae ~~~~~a~ &lip.Uie~ offe« of &Uuia• 
!Zi ~\J.a nuctr ~ nfleetec! u ~e hi._.._ • .uaJ.Ma of boc.b s.-a aa~ 41Krl8~0 8J'C~U ~--~em.. ClhSeu Upil u.oei&~H with c:U'<Iiac: ~t.holOW nell u .uc:!.~.. eadla.la, l~.Uab&llcw brnt.hinCJ 
a.ta4 &bftonlllilll KG lllliUCI ~ 1.& the --. U GU'lJ' ae 17 _.. la~o f:he •~•lf• GlroaaB paUIOJ.oa' :efle«M H'N&'e a..l.&~ of ue dc;ht aui• &M ~1.01u.u,- ~ u. let~ au1•· ~ U~a- 'IIIUe .Uo no~.a ~~~eally u ~ua~ve aui&l llf'OCuclita tauesmy uc1 III.!"'lJ'IIill).. ~ t.be ii!U4~e <JII:'OI.ip., t.'e Ml• ualli em~ f-.al.• apptua4 too a. 4iil.ffem:.lld via~ ~e dlfD~ w~ to a IIIW:h loa111u -:tepM .La ~ ~~~ity of 1:he Mt\M ~~·· ft•efora., t.lsa t.o.Ut. 
a ~ -- 1a 4 .. t7 afJ/kfll/b.y u4 ue IIIQUl. t. a .. 41 -.ttq/ay. 

41 A._ ,.az ~ foe4ifttJ(OnC09fllftiei~ ~~~!' (<:::iM~iq,r, 1M) vall zo .. u, cw&liated ~ t..n• ~~aey. Ira~~~ ecwty., ~edmieal .-~nun• CH..R a .. J..) -.. t• to 17 ~o ll liay8"'0l4 Slpra"''l•~wl., uu. "f'he c:!aa91 l.•nl8 a .. •3:'~ a .. 10 .. 10., 500 ozo 1.,cu:sc pplll .. ~J.vuue ~o 0., Q. 5., 3. 5., l5 OZ' ~0 IIIJ/k~t/-iay ( \l&~infJ te~·~~ ectaVOZ'IIiOft f&~r: .. 195 9~ • ~~f 3:'&U p!13:' SBGX per q'I'O!.ip W3:'8 Wllec! too .a&~~CII blOO<I. par•ot:ua u<l c:UA!c:al d'l-.!~iuioa ud viulpu. fifty rau per S411K per ~p .,.&'41 uiftUiftecl Oft t.he UMt\tid u4 c::oftt\3!'01. 41181:11 for J4 lllllOfttAil· Aft &d.U.~on.al. 10 l:'aU per tMX wr1111 ~aea<l on eon.uol anci 
hi~ c:!o11e (1,000 ppi!) <lie~• for a ~Wf&l~ Raft~h iat.C~~ria aac:riflc• 4nd 
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~u 1 0 pGIZ' ••• C c:ontt=l uct nip cloaG~., 1_ 000 ppa) to~ " 1 l =on. e.'\ 
~ific:• c~• 1,000 ppa 9Z'O!.ap w~~~ae plaeM em c:mauol &e~ fe»ll:' oru11 ::~Cn~~ 
par~ 1:0 eac::d.f.ic:e) • 'ftle ~ul. nt.1IIIII.&Mir of ~b/IIIU ita tae c:oraerol 
ud arne 9Z'O\IPIII ....,.. 90 ud 70 for UG~ 10, 70 and soo ppa ~~~· lf.l.s~o­
p.a~l.Oft' ~• perfc.U'IIMtd on all ~. - U• &i.d ... .uact h.:.o;a""Cioee, 
l!l'lCU"'II !oi~IUII & cl411C:~INIIII«B f.n. :IIIINft tlody "'lll.i.<Jilll1:8 of uJ.ea and ftli!UlASII • 
SIU"'ll'ivaJ. wea <~•~•aa.ct f.n hi-""CiCM~41D f-.&1<11114111 bu.~ .t.n=~.ct f.:t. l'l.Lql'l""Cioae 
:MJ.ea • The~• W81:'11t 4~~ac::rua.e f.a OC'flllllft~O~ W~~~i91lt. l:'lllf.ic:a !.n 1\.Lql\"'<lolBCII an.:.&eJ.a, lllltlJ.c:l'l W81:'1B pr~ll" ta• ~ru\\\l~t of l:lod:y W~~~ithf. ct•er~ec. 
~pl.uf.!.C: C:l'l&ftCJIII&e f.n tlic;I\~41D ulelll C--.z-y <Jl.Ud., bl~r and 
Pt'CM~Uf.e J 4a&'ld f-.&J.es C ~l.oid f.lllll... of l:lolae Ul''&'OW uct tt'&a81.L ~:!.onct.l. 
t~pJ.~4!DUUB Of ~- ld.cbil411y) W8l'8 of ~~11'8 t.Old.C:01091C:: ~r.'t.UC:CII• 
1'h~ •• u !.::ac::russ in. rs~ dl'la!fiB•rat.:.oa ud f.::a C41Dn.Uo~lu· 
n.~b of ue l.!.ftl.r: .t.n. bJ.-~• flliiiiiiiiiAlse &n.d an. J.D.c::nen a 
d~ua~on of ~e Z'~WII ftiiiiiiiOd.• IIIWI!ele in. l'Ut§ll~ Ml.<1111411 an4 
~-.!.•• wtlsa c:~M t.o <::oaU"OJ.a.. lllruM oe 4Gac::~d body ,.J.cpt~ 
q&J.A., the tc»\A for aon.-oaeoCJ41DUC:: &C::UYi~eGa ita bel~ ~~~• !..111 
25 ~fl/c:lar aa4 ue ~ 1• l. s ~~~cky.. iowV'411&>., ors~raJ.c: 
&~YU:iu WIIIZ'tfl not.tfld at. l .. 5 a~4J/~ C 70 ppa) aad ~ u nfhc:t.CI4 
1.:1 l:he tn.c::-u.•t!ld .!.:A~idGaftc:e of .._1"1' <Jl..u&4 t.l.liiiiii:»I'S J.a ~~ ... 

• A :'~f. 91 ""''l§'tfteic oul fMdia4J,/ota~U.Ciq> ~- J.a cc:e bf c::tlM ... 
G~~.tv C 1M7c::) ~- bftla sval~&a~aci tit' ~e ~ClY· tn. t:Ma ·~" auuine c t7~ aJ..) •• ftflci ~ fin wa<llk81U C::D<-1 auaira of uce., 
ve~q 21.0/2, .. 11 <It'_. Cf-.let•le) .. 'ae cc:e ve:-e !:'u+wty 
aa~M ~ f.tn upe~r.f.allllaUl ~ ol ~t.t!!lJ' 10 ~l.a/aex/ 
<Jt>CUP• '!"he d0li&CJ4lb t.ut.ed ~e o., 10., JOe .. 1.,soc ad l .. ooo ppu eh•uue 
d~a eoniiiiiiiiJOn4 t.c ~al •&a ck.U.y ~of 1 .. 4 .. lL4 .. 194.0 and 
liS.. 7 1189/k<J/ck'f' fo.r: MliiiiS., &ft4 1 .. G., 47 .. 9., 24G .. t u4 482 .. 7 ~IJ/c!&y 
for f411Mles. 'ftU.a a~\&dr t~.bCIMIII 1:M~ ~a ~ <kMe""l'el&t.Gacl e.ffGac::t.§ 
.ae v, sao pp!B or 1,. ooo pp~~a auu.taea u ~~~~ u ~ac: ~0111111l:ti.. 
a dec::t>U.llle J.a ~e .u bo4f w.t~~ ~ &~ '12 ud 91 welul :iurinc; ':.."111 
lllt.udy, 4lG4 ~~41111 J.a 4111."ythzoeyt.e ~~ .. b.-.t.ocl'it. aa4 ~qlo;;,!..n 
ccmceGUti~OQe C:U:cU&c:: ~~ c::omUU!idalll " ~ ._t.U of ~-
~~ of alee ~~ cU.4 noc. ~in t:o 1:~MI NCUic:e. 'l:'he ~ 
.!.a -~ a~ 1.,500 M!lll8 M8M t.apoa ~- ~ 21 .. -:,, ucl 11.0~ in aan 
bo4f liJIIIIIJ.pt. pia f~cl at. t1 ~ La Hle ~ ·!~e lllic• .. n .... c:t.J.vell"· 
.U.::.., u ~ !a ~e bei~ of ~~ ~CIIIIID1 is f~ .l.n 
t--.le 118in 1a t.ke 1.,500 pJB ~· ~.. •• of U.e a""·~ • effec:es an ~~ a~ 310 pJB., ~w. ~- ~Eo U ac ~~~~~ lOG PPI (eon,liA~I@Oftd!.nc; 
t:o l& ~ ~-J' i.ft ul.se aacl 4 7 .. t ~<J/fhJ' fo.r: fa&l.••) • 

A ~- guuat.ion at.ud.y on ~e effec::u of auuine em reprodl.lc:::~ion 
in rau •• c:on4~tflci by lolood4.r:d. ---.reb. O:.l'lil@l'a~ion ( t~). GJ:ou.ps 
of 10 Mlee u4 20 faelee r~i~ auuue (IOU) •~ cU.e~ lcavels 
of 0., 50 or 100 PJiill• keed ora U.e ~qt &MW~~pt.icm~S th&"': 1 ppa !.n 
ene <Uot. of race 1e ~valeac ~ o .. os ~day U•~· 1 959). <:hfluBca 
lftlela ccrreepon4 ~ dDeee of ap ... oaW!Mt.elr Ge 2. 5 or 5 11«;/kc;/d.ay. 
~ Ut.t.en lllllH'e p:-oducecl per <Jtf!ft~~UaU. blllt:. puat.U Mi&lla Wtflro 
c:::h.o&eft frc:a the l!l&eond U.eter afeu ... ,.~ for Mc!i <Jt!llltflrae.f.on. 
YoWMJ :rau wrca Mint&J.nd on '!!he eeet <U.ua for app:-olll:i.JIIwlu:.oly t.I!An· 
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~• La eecb .-n~acion. ~. third 91nara~oa pupe -.ra aacr!t!ced &Ita&' wea•tDCJ· It: !a nocM t!lac che parental uiMla of che t!rsc .,.avauoa .,.. ... teeS only h~~ ot the 4S.euzy acruJ.ne l .. ala tor ene fir.t: l ....-. of upaeiU'e • ~ere were no &d,.raa ettecta of acraz!.!'le on re~~tioo obearved ~~~~CJ ena coqza• of Che cnrea-generacion aclady. A II:IAA of 100 ppa (5 aCJilcCJ/Uy) vaa J.denUf1K tor ~· scudy. lla.,....r, the uaetlll:letla of ~· acucty J.a U.IIPJ.tK :twa co the alteration of efta ~CrQaJ.ne coacenc of the diet 4arinCJ ~rt&Ac ~c~ac!on per!ode of the ~c••· 

A recent c.t-..urac!ona ac~ !n rau by CUM-Geigy ( 1l17al wee c:onductad w.1n9 Cha 97\ ai. 1::echzlical auaa!ne. YouaCJ race. 4 7 co 48 aya olet vera Minca1ne4 oa the control &n4 teat 4J.eca tor 10 11118eJc• befO&'• •U.IlCJ· 'l'tla coacencrac!oaa ueerS 11118Z'a O, 10. 50 ancS 500 ppa feq111'11'&1ant co o, o. s. z. 5 aacl ZS •CJillCJ/4ay ue1ZlCJ t.twuan coa.eraioft faccor, 1959). ~Y aaiaala/aea/CJZ'OUP were uaad !ft. ••=~ li'lfta&'acion1 oaa Uttar ~• p&"Oducad pel.' CJea•rcUon. 'l'tla l.e,.l ceace<S had no ett~ on atonality !3 either tenuaUOA. locty 11118!.CJht: &n<S bocty weiqbc CJ&1,u VU"e ai~!.cancly depreaae4 Cp <0.05) at the hiCJhaac cSo••• however, toocS <:Oilaapcioa wee lllH clec:r~ ac c.~ia higb""'''oea 1.,.1 !A paranul aalea uet f-.lee duriatJ t..'\a pr.aUftCJ pariocl &.ll4 to.- t:.lle fuac ~i'~Del:'&cioft t-.lee c•1 ) oa 4aya o co 7 of 1i'18t:acion. • hiacopechOlo~al eff.cta were aacacl nor ou.J: eff~• were ftOtecl *-'U. ~· aacropay i.ll eJ.c!lar peranw 91naratJ.oa with the uc:epc!.ae ct1 i.llc&'a&QM c..c.a l'•laciv. •1tllc 1a both 'fal\e&'&Uon• ac c!le b11Jk -... Ill papa fd !:loeb fllae&'&cioa, aipifie&l'lt l'eclllct:J.on Cp <0.05) 1a -. wei9hc vaa aocecb llowft&', UU etf11e1: we only <Soae-cal&Ud .1a t:.lle Mcoaet ~l'atioa c•2) at: boCil the &i.e!• anet hitb....so&• 1 ... 1a oa poauatal. ay Z 1. 'ftlwefon, •c•rB&l co..icit.y ~ 1a 2. S aqlktJ/clayl ella .:.pro41ac:cbe r..our. 1e z. 5 •91ltCJ/c!&y ( reciucad pup •1tllc .La 'a ,._..acioa 00 ~u.acal ay at l ud the !f~ !a o. S a9A9Jclay. 

Ia c!le ~- fiU&'aCJ.oa repc-oducdora ecliQ 1a ~:au ~..S !JF !lloodu'd ~ell Qaqonuoa c ,.,, (61~!JM4 .,_....,, auaaJ.~ at <Uacuy leftla of SO o~: 100 ppa u. 5 o~: S ll9flc9/clasrJ zoualcect ira no ooae....,.. IWnDlotlo c:baa .. a ta dle .,....U.IlCJII eA4 ao eff~ oa lec&l l'....,tioa. • -.J.tonaaeiorae -.zoe oa.enM, &lld waali.ll9 ol'f&ll ve.s..-u _. et•bl' 1a CODt.I'Ola &ftet auaailla-uuced uJ.aala· ~. a --. ot 100 ppa ; l •CJik9/ci&J') •• .UO 1.deacif1e4 to&' -...J.11 •tal. effecca in Chie •cucly. Jlove'ftlr, che uetub.••• of thh •c.t.r 18 ~ted .._ co aft •lcazoacioft ot the ct~:aaine coaee~ac of the Uet 4w189 Ulponuc Mt:\U:&t!..:lra puioda ot u. uoaaeaa. 

Acraai.lle vaa .adallliecezoed o&'ally co P'f:419l&at rau oa cpaution d.aya 6 eo 15 at o, 100, 500 ol' 1,000 aq/k9 (Ciba-Ge!fr• t971). ~· t~ h~;~•r :2oeaa iacrueed ~ n..-bel' of -.bryoaic ud fecal da&U., <.1ec~:u•e<i en• ••ft weiflllca ot the htu .. a &Acl l'etuclecl t!Ut IUlecal 4e'll'el~ene. !fo tftl'aco,.aftJ.c: etfac:ca ~r• oDeen•"cl. "ftle hifbuc 4cMe l 1, 000 aCJilcc; i nault:ect ill 23• Mt:enal .:»rt&.lity &net YU1oq• toxic •Y'IPt~. The tOO llCJ/'11:9 ~•• h.&d no ethct on <d.the&' d.tuu or ai:Jryo• &nc! i• therefore tna Mtenal arscl !notoxic:: !f~t. !.n t~!.s act.1cly. 
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006937 tA & ae'Udy by CJM-Gei9Y C 1 914e) , 0\ula .U Yar rae.. zoec:aivad atzu!ne c 97\) by ,..,a .. oa paueion cSaya 6 eo 1S &c cloee 1 .... 1. ozo o, tO, 10, or 700 af/119/MY• l:lcceaa.L•• Mt.enal. •z-ealiey U1/Z7) vaa noead ae 700 af/Jit/4ay,. bat: no ~reality •• llOCacl &C ella 10111e&' cloaea1 abo &'MW:ecl •itbC pJ.na and tood c:onaU~~pUon 'IIU'& aoeact ac bot.l'l 70 aad 700 •91kt/4&y. cavelos--nt:&l cox1c:1t.y •• al.ao par ... nc. &e u .. a ~toea 1.-..l.. rocu we.Lpca -&'· ••••&'ely l'educ:.S &1: 700 119/kf/cSayJ l'lel&ya in akeleul .,.alopaene. OCC\&&'&'ecl at. 70 aCJfkf/ day,. aad a c!oaa•zoal..&eM r'.lftC.int vaa noced ac to af/Jct/4&y ucl &boft. '&a -.a. tor Mt.unal :old.c:icy appear• e.o be to af/kf/4ay, 1\owver, tbia u &lao the t.:AU. for developaanca1 eftacca. 

!few Z.alancl wbita &'abbita zoaceivd auuina c ,.,, by , • .., ... on qeaut:!.on days 7 tucaa.pa tt ae =•• 1.-..l..t of o, 1, S o&" 75 •1'/ltfl'cSay (<:10.-Ge!iY• c 19eQ). 11aeana1 e.oxJ.ciey,. aviclancacl by dAicr ... acl body •igne <J&J.na and food coaau.pc.J.oa,. •• praaece ia tl'ls aS.cl• aac1 bi.pa...SO.a t:~P•· Davela,..nc.al UC.c:J.ey •• cl.-onauacacl only u 75 a~t/4&y by ac !.Ac&' ... acl raaol'pt£.oo coaea, coaclucacl teul wJ.CJbu, ancl delay& ia oaaificat.Lon. ll'a euaeo.-nic aftac:u •co• iAcUcaeact. '&a tiCil..IL a~ts-an eo be 1 ·~t/4&yo 

Peeua uc1 c:oo1t c 1 t7lJ hcl auuJ.na co ~..,aant: coau ( fOV/91.'0QPJ ac 1 ... 1a of o, so,. 100,. lOG,. lOG,. 400, 500 or 1,.000 ppa in t:Aa cllee t.l'l&'caafllcNt: CJUUUoe• laaacl Oil &Ill U.-.cl boclr •!91lc of lOO 9 U4 a daily food COIUiallpCioa of 1 Z 9 C Aftintua. 1 t72) , t.baaa 1 ... 1• c:onuponcl co &PJICOidaaC.aly o,. l, 4, 1,. 12,. "• zo or 40 •crlkt/dAy. 1ba n..a.r of pupe per Ut:t:ar -. a.f.a.Uu 1A all .,.._.,.,. u.cl Chua vera no differaac:ea ill •uUa9 vaitf,lca. '!Ilia U\IIIF UaaUfiacl a Naa.a. of 40 114J/ll9/da1' for dftelo,.antal atfecca. %Ia aot:.bu phua ot t:Aia aclldl'. t:Aa auaora cl-.auacacl tbac aQbaaceaa«ta (ac:) .1njac:1:iona of 50, 100 or zoo IIIIIJtt auuiaa oft te•e&Uoa claya l, G ucl 9 had !\0 affece oa t:Aa Ut:ter •L&e,. 'lllftlle cloaaa of ~o 811J/ll9 ware .a,ryoeo~c:. t'heratocoa,. a ...a. of lOG •CJilCCJ by tba ac: ~c• •• iclaacitiacl tor ..t»ryoeoztcJ.ty. 

Lo9&'ie110 ec &1. C neoJ zoaport:acl that: aic9la ...._ ot auuiaa c 1,.000 ~ • 2,000 -.fk9• zocaaca not: •pac:Uiacl) pndai:M boaa aarrow =• • enn1 ~atioGa 1A t.Jla .a&••· • ~ cleuJ.la of t.Jlia .eucly vace~ • 

..._.tlr a4 1IMil C 1ST7) raporeacl Chat: taad.1n9 o.on auuiaa eo Mla o/U J!!la Ml•m .. c• larfte dq!IJ.ficutly in"eu*' t.Jla nee ot iiiii w .. -~~a~li.-u.c ucl .... unJteci rec•••1Ya lat.b&l cuUocua. 'ftl_, aueacl, h~l', taac ciCIIIla.aac lae.hal ind~ion aacl .. aeic cl.ul&te MY I\Ot ~ diraccly coelaced. 

Adlar c 1 910) rew1__. IUlpubli•baci '410C"t oft auuiaa ..aca .. nic1cy c:an.f..S ~t bf ua •nl'o,..ncal Ra•aucb ~~- ot t.ha c:c:.a.1••io4 ot t.ba a&ropeu CCI •n.f.t1••· ttataganic acciY1ty •• aoc 1a41ac:a4 evan wbaa e.MU&A U~ ena~• CS•9) wue ~aecl1 h~r, t:M \laa of plant aiccooacaaa proctsc:e<l po8itive re.W.u. U.o, in .!!, ~ at\Jdies 
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La .a.c:e. avuiae Lnctw:ecl doaLn.nt 1et:.b4L ct:auona ud inc:reuect ttle tr .. ueac:r of c:JwOMcid breua ia bone .arrc:N· IIIIMc:e .. t:!le &llt:!lor 8\19918Ced uac ac:ci•ecion of auuine !.A -1• oc:~• inclependent:ly of C!ae liM&', ,poaibly in t:Jle acidic: plkn of ~· accMcll. 
• Aa cleecaoJ.bed pc..,1011aly, Yocleao ec al. < 1973) acwlied c:hrc.oaoaal. aberrauou !a cbe lY19ho~e c\&l.cvea of f&l'ID -.orlcera expoaed ca varioua ~auc:Uea Lac:lwU.a9 auuine. a&rin9 1114-.eaaon a 4-fol4 inc:r•••• La ~..ac14 taP• aad a lS-fal4 incr ... e in chro .. cid break• vaa oO.e&'MCI. Clla&'!a9 Che ott-.eAIIOn ( ao aprey1B9). t:he nuaber of 

• 

9&P• aad bnua •• lowar ChU ia =aU"Ola, •wr .. acin9 co ~· a~a~oa:"a ctlac Cftue ia ea.tl&Ac:ed c:tlra.o._.l rep&J.r dlaria9 Che llllexpoaed per!.ocS. 
Rec:utly. Spencer C 1H7) ucS DMrtiei.cS c 19eeJ eYal.~aaced several ,=a .!!.S.£!. &Ad !a, YJ.YO e&c..-ftic:Lcy at:ud.f.U all &UUJ.Ae Ch&C wre rec.acly aw.Lcc..S t.o Cbe 0·1· t•A br CilM-GeiV· 1hey ~- that: mac of chua acuctiu -.aoe LMclequce wt.Cb Che .. cepcioa of Che toUowia9 t.ll&'M ce.caa a laiMeella ••••Y• aa !.· coll rflft&'aioll ••••Y• ud a lloac.....Ueted uu:r. 'l'be fine C1IIIO ••MT• waoe fte9&t1•• toao ••• .. AJ.c effecu 1 Clle neul.ce of Che UJ.rcS .... ,. _..... eq'lliYOCal.. 

• CJ.be-Geig ( 1 , .. , illcU.ceced Ch&c l&'uaic:tlt C 1 te7) •••luetecl eUui.&M R"a.-aic:ity aa.d uac Cbe w1C)Ilc-ot-.•1deoc:• ualyaia 1\e waed p1Ace4 ue cb-.lc:al ill a Mll..._C&4Jeftic at:acu. 'ftl.e AIJ88Cf (Dearfield, 1tle) •••l~~at:ed ~ick'a uelyaia. It h noce4 'Chat Uie ue of c.be ~CJI\C• af....,iaac:e apfl'oac:b ia not apfl'opriace ac Clle JC ... Ilt u... 'l!le 

• 

• 

!!, %!a ec...Uee br Idle&' (1te0) 8UfJ .. 8C a pMiUft nepoue. "l''l-• fiftdLA .. baYe IIOC Meft Atetalabed by 0~ &UuJ.u ac.U.ee. Xzl ..ScU.tioa. Dledield ( 1tll) illcU.c:&cecl tbac tile ecll- waed br kui.clc ill Cll.U U&lya1a 1a nave• br ~· lack 0~ celi.b&'aeioll of Che cheai.c:al teec aeon• to aa ax&enel aUAcla&'d ucl b)' Clle ue of .- atucU.­thac ue coaaideced 1aaclequate by deaip ~o detuaiae ~· e&ta.-.uc pocellUal of aveaia•· 

!Aua ec &1. C 1•1) 11lft&Upt..S Che ~~i.teDic:i.ty of UO ~ .. , caa• powada 111clla4l .. &Uaa1M 1A alee~ 'l"'lfo 1'1 ll)'b&'i.4 aCOC:U (CS'JII./6 x A.llf) r, ud (C:S1a&/. a Ala) r 1 -.:e ~~MCS. A cloH o! Z1. 5 819/k9/ci&J' _. adll&.aiacec.l 111.r ..,. ... t.o alee of boell ..... t:ca •te 1 to Zl aya. AI~ ,. ..... at: • ... -.. Cbi.a cloee le~ we -.J.At&ln..S by f....U.Il9 a ... auad.M !4 J.Wha b Che cU.et fo&' 11 eoa.c.be. 'Dl• b.c:i.cleac:e of .......... rtscra&')' t~ra, lyt~pbOII&& ud ~ t..-ora ill ecrazi.n•-~ ... alee ..a aoc a1tnif1caacly ditteraat traa 'that ill Che n-.ac!ve c:oaUOU• 

A ~w-yea: f..U.Il4Jioncoqelli.cit:y ecwly ill rau br <:Uaa-Ge1qy ( 1986J !tea beell •••lut .. rec:ucly by ehe ACJ&IlCJ'• A.t.&'&aille ( 91. ft a.J..) "'.. te4 co l7 to ll d&p-olcS Spraque•Dawley rau. 'l!le 4ctlaqe l.,.la ~•eel -.:eo. 10, 70, sao or t,ooo ppa .. equi.•aleat to a, o.s. J.5. 2 5 or 50 119/luJiday ( \&8iA9 te.,..A • a c:on .. :aioa faecor. 1959) • 'l'he total nun.ber of ealula/au ia ue c:onuol ad •ur qi'Oilp& we 9Ch ancS 70 an.laala/aU/q~"aup tor the tO, 70 ancS 500 ppa fji'OilP•· tU.acep&~loqy 
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... ,.do~ on all anUNau. In f ... lea. a~ua.~~e vas u.oc~a~..s w1.o:.'\ a auuaa.calllf ·~~f:&.c:anc 1.nc:naae 1.n ..._r-• 1 :.anct hb~na... ac 1.000 PIC• l.ft ..... ry qland &denoc:arc::&.no.aa :.delud1n~ ~ c:arc~no­~ccuae ac ~· lliD'l'J ac 70, 500 and t .ooo PPI• •N:S 1.n eoul. ._..rr 'I land tuaor bea&-2."4 An:&.aala ac 1 • 000 PPI• &act\ of :1\eae user .. ••• ~ •••oc:~oaced ~t:ft ~ acac~oac:&.c:alllf l:&.fftl.f:&.c:anc doae-rela~ ereftd and •• OQU:&.cla of me IU.9ft end of elle ll:&.acor:&.c:al COilUol r~. :."' &dch.ta.on. u.s. DA ( 1916aJ 1.ncll.c:at:ecl Cbat: ~I'• vee endenc. for deereaaed iacertc:y for- ..-ary 91aftcl aclenoc:arc::&.nOIIAa at: elle 1 2 210nc l.ftUI':&.a Hcra.f:&.c:e ellac .. alreacly lu.DIU. ct:ec~ by C:1ba-Gel.'llf ~o.n 1985. ~· a~y ... alao repor-ced •• poe:&.~ve 1.n a br~eflft'J paper by C::&.M-Gel.ty ( 1 917) • 

A recent 91 ~- oral feecll.n9/oncoqeru.c:. cy aeucly t.n a:&.ce try C:1ti&­Ge.t.ty ( 1917c) baa beeft e .... lu.t:ecl by the •AC:lf· tn t:ft.u s~y. auu1ne (97• a1.) ... feel co f:&.,.__,.eka-olcl CD-1 uce ve~911.t.n9 21.0121.1 graM (f ... le/aaleJ. 'ftle e.t.ce •n ruclc:aly aaa.t.pecl co f.t.,.. experuter.C&l 91'CNP41 of &pprocaauly 60 aai.Mataex/ ~· 't'!le cloaaCJC 2at:ec1 1111re o. 10. lOa. t.soo and l.ooo ppa, Cb4lae d.,....• cornaponcl c~ aceul • .,. cla.t.ly &.acake of 1 ·•· ll.4. 194.0 &ad ll5. 7 rA9/tCCJ/Olf foe Mlaa. aACI 1 • I. 4 7. t. 241. t and 412.7 -.11t9/clay for f ... l••• '1'lle foUowinCJ lUnda of MOpluu wen aoc.ct in ttU.a aCla&ly: ,.._zy aclenocaec:i.noeu. ..u.n.&l adenOIIIlS. fQl-.ary aclenc.aa and MlltftUC lral*GII&a• ....,.,. ... no ~e-rela11*1 or auca.a~c:al.ly a.icpU.f1canc i.nczoeu" wn oo.ei"Nd in the J.ACiAiellcea of ~· neopla••· ftenfon, auu:.ne :&.a noc c:ou1Aiel'ecl onco.,en.t.c: in tm..s • crun of ai.ca. 

Health W-n.sor1 .. (IIAa) are t~~~ne.rally deu~n.c:t for one-day, !!an-d&y. ~onqer-cera '"" co 7 ,..~.) aftCI ufec~o• exposures l.f ad.equ&c. <Sac. are &val.lable Clulc iclenUfy a ae.ui.U.,. noncarcin0fien1C encl po1nc of tocc~ot:y. · nte HJY fo~ ...-a.rc1na .. IU.c told.canca a.re elect ved wtint t.be follOW1.~ fo..-ala: 

~ere: 

--.or~ • 11o- or t.ow.ac-obaerwd•Ad'lene-Ufecc t.e,..l in 119/kCJ I:IV/d&y. 

• • aaaUMd body vel.qtlt: of • child (10 ltCJ) or an adult: {70 k'f). 

UP • unce~e&l.ncy factor (10, 100, t.ooo or tO,OOOJ l.n accord&nce v1ta EPA or ..S/ODM qm1clel:&.Dea. 

L/d.ay • aaa\IMCS d&:&.ly vacer conaWI;lCion of • child - ( 1 L/d&y) or an adult: < 2 t./d&y). 
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• ...,..,.,. ilafo:aac.Loa •a foucl La the •••J.laa.le Ucuacuzoe to.: the ~enttt.U.. of u• Cllle~Y IIA qJ.qe to.: auaaJ.ae. It La. uueto~:e .. recoa• IN!lcMd tllat t=be Tea--clay P •d~ae calculacecl Ml.aw torr • t0'"4CCJ c:ftilcl ot a. 1 a9/L UOO taCJ/1.)• be ~ ac ~a U.. u • coaae~:"YatiYe eaeiaace of ~· Qfte-cNy IIA Y&l..a • 

t'!!=d!! ... lt:h .W.1!0£Y 

rwo tuaUtow at\IIIU.ee by c:1laawGG1f1', OAe lA t.lla &'&C ( 1 fe4a) &ncl Ofte !.:t t."le n&*L c ( 19MIU.. ..,..,. c:oft8icluecl to~: the celC'Il.&tioa ~ the Tea ....:lay IIA val~&•• The &'llt study &-ellec:cect • IIOAa. of !0 •CJilc9/cS&y to~: •cUD&l t.old.c:J.cy b11c cn!.s value ... &lAo ue t.eaat. for cle,.lo,.aacal co.x.t.dcy ....Ue the ~:Ubic ac~&cty nfl~ecl "DARe ~ S •91k9/clar fo~: cllwelopMAC&l. ~iCy U4 1 •9/kCJ/d&y to:­llllltenal. cox.tc:itr• 'l!ltaa. ehe :o&bblt appoa~U:s co be • -.zoe ..aaitiYe apoec:iea ~an tha ·&'at for •c....U told.ci~, beftell. t.lle ~:U.it at..._ ~Cb a liQA&%. of 1 aCJIJclf/cky is aa'ICS 1A the c:al.CNJ.auoas bel.•· 

( 1 !!l!tslcU • ( 101c!) • o. 1 acrL ( 100 'llfJ/1.) (100). (1 L/4ay) 

1 IICJI'kfJiday • IIGUr.. basH on ••en.al t.otic:J.cy wlclellCttel by clec~:••••cl bo4y •J.tbt gaia ucl food c:oft8-.cioa. 
10 lc9 • .......s bociF wipe of a dlild. 

tOO • uac:a&'1:&1Aty fa~~, c:bcMMA J.a aeoHd.uace w11:h a•A O&' OGII/U.S picleUaea fo&- 11M wit.ll a IIQUL frca u &ft.f.aal at114F• 

1 Lldal' • u• IS clallJ' c:oea.ptJ.oe for a c:ll.Ud. 

• 811£~ •at&ms~ •• fOUAd La cha &YaUulA licuatva for tha <leta~_. eM Ja•ll~~·~~~ IIA •al• fo&' acraa.t.ae. It J.a. cauafo~:e, nc 11111 IIMlt a. .. ,..u.s lila. for a 10-tltCJ c:bilcl of o. OS aCJIL (50 UCJ/t.) &n.<l die --. f• a 10-1119 adlalt of o. 4 a¢ f200 IICJ/t.l be \l.M4 at thia c.iM u cona~-"'ld• •e.t..c. of tba ton9t1&'~an U •aluaa. 

The U.fa~ IIA l"ap&'aHAU Chat porUOft of U iad1Y14u&l 1 8 toul upo8U" eh&t ta acuii:M&ac co •1a.ld.A9 •ear &ncl La c:otUI1d.a:e4 ~ac:tift of ftoncu· c ino~ic aclftl"8a IIMlta affaet8 O"rar a lifetiae a;oa••· 11la U.fet.taa u. La <lar1Ya4 La a ~-.cap proc•••· ft•p 1 l!ata&'al•• Che •fu•c• DD•• <RtDJ, fomarll' called Ula A.c:capu.ble C.ily Int.&ke CADI). 'ftla JtD 1a aft est.!.-
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ate d a d&JJ.y axpoeue CO Che huaa.n pop\IJ.acion Chat t. Ulcely CO 1M ~C!'lout appNCLUle d.ak ol clttlecui~ ottecu o ... zo a Utec.t..,. aftcl J.a 4ezoiYecl tzooa the NOA& (OZ' t.QAJU.)~ icSentifillf! frCII& • chzoonJ.c: Co:: a~onJ.c:) aeul!y, <Uvi4ed · by an ~ey tac:corC a) • Prce ebe .RtD .. a OriAkin9 ~ezo ~qQ.t•elenc t.vel c OWU.J eaa be decenJ.necl Utep l) • A tlfBL t. • Md.illll""Cpecitic U ·•... u!n.lcin9 waeer> U1ec~ elqiOeUI'e le,.l,. a•a1111La9 100• expoeuzoe fZ'oa that Mtia,. ae whJ.c:h ....,.zoae .. noncaJ:c:J.nQ9&niC: hqlt:h dfecu .-oW.d not: 1M _,.c:cecl co OCOIZ'• 'ftle ONBL i.e dec-i'NCI tzooe Che aUlt:i.pU.c:&cJ.oa of ~e llfD bF the ueuae4 ~ weJ.9ht of an ~lt and <11•14&4 by ~e ... UDa<S daily waeec c:ona~tion of an adulc. !he t.!.~et~ IIA ia 4et.e~ed !.4 Rep l by f&"oC'.t.ft9 in o~eZ' SCNZOc:•a ot' expoau:e,. tJ1e .:olat:J.ve IIOUC:O conuUNt:J.on C Jl8C). 'l'lle JliC t.:oa 4J:iftk!.n9 ~~~~&cezo ia ueod oil ac:twal .xpGaUI'II data o&',. it data a:-e DOt available,. a value of zo• .ta ueUIMCI. tt the conc.U.na.Dt ia c:luaitiod aa a ~oup A or a c:azoc:J.noc,.a,. ac:co&'cU.n9 co c!le .,._c:y•a c:l& .. .t.ticat.toe ac:-.- of c:&s:"c:illo4JO&ic gocent:id cu.s. DA,. 1HIIal,. Clloa caution abo\114 bo ueZ"Ciaed 1n uaeaaiaq che riaka aaaoc:.tacecl vi~ lJ.tec~ expoa\&Z'e co ~· chaaic:a1. 

'ftlr- ac\aiiU.e• wzoe c:oeaJ.cSa&'Ocl fo&' c!le clo'f'elop~Mnt ~ tho U.feciiM D. A cwo-yo&:" clo9 t..Un9 atucly (Voocla&'cl,. 1914),. a oae-,..zo 41ocJ foecl.f.n9 atucty c:.lba­GaiCJY .. tM'bJ &lUI a ~-yeu .:ac o&'al tood.f.a4JionC04JIIInJ.et~ acUISy (c:.tla&..C.J.CJY,. 19M). 

'rile tuac •cucly 1n c1ocJe c 1 964) refiec:t.S a wcaa. of 0.35 aq/1l9/cS&y ....s a r.<».a. of .1. S acJilt9/cS&y t:bac wa• aaaoc:i&tlld with illc:1'Maoecl he&rt. u4 U'felr weiCJbc• 1a f~e•· 'l!le new one...,..zo cio9 at\&d.y ( 1M8J re.flec:cod a IICaaL of 0.48 •fllk91'ct.ly ucl • r.au:. of 4. 97 aCJilt9lci&J' bue4 • aU4 cudlac patboloCJY inca•J.ff.ecl at C!le bJ.t~ter cloae c .. tM ll. G!.fll. 8 (Mla/f-le) 1191k9/UY• 'l'h• C.O...,.u' &'&& atw!y (CiM-GeJ.v, 1HI) &'etloc:ta4 a ..a.·~ 3.5 aqllttf/ct.ly for •y.t..S.C eft~ oehu t:ball oecoC)IIIlic:J.cyJ h~zo. tb.1a atw:lr J.D.Ucata<l chat auaa!.ne ceuaecl •mazy 9lAacl cWIOZ'• ac t.h1a doee lfttll &114 .-..., ao ad9'11zoae ettec:t• •r• oboe~ •~ t:he lo.eac Cloae cutecl, o. S afllk9/c!&y. 
1!\o 1!164 409 •t\lilf ._. inJ.t:i&lly ~.Wed tor the c:&lc:ul&tioD of ella RfD eel ehe U.fodiM JQ. ... .. &',. tAU ... ., ... p&n:J.&l.ly n....s bf Cbe l&c:k ot info&"Mciola on ca. puariCJ' ~ tile t••1: •ted.&l 04 bf t.twa ~te 4Gc rnc• acJ..:.a of tile h ... colo9ic&l ~~au. 'aueto&'a,. the ncMD~ _._,.... do4J ·~-­CCJJM-Ge1IJI', 1te7b),. \1&1&9 ~al aua&lae (97t u.),. La caaaldec.S .- • aon ac~aqQoaa ~ tO&" tile calCIIIlatioa of :he lttD aM Clle U.f.a. u. 1'tle NGU%. in tii.U atlllp, o. •• IIIJIIt9/diiJ',. i• also nppon.t - tile -.a. of G. S aCJik4f/cS&y 1a Clle - IIIM~atioa npcocllactioc at\1111)' CCSlaa-GaiV, 1M1a) aa4 br Che fact tllat ao IIJ'8t.S.C .tfecu o&' c~n •r• DOted ac Cbi• ct.e lnel in Che CWO_,...~ feedl~UC09eftiC:ity a1:Udy 1n &'&U (c:iJia~Lft', 1M&) • [OCher at •••• 11iuM~4 ... euc:h Qo&'poraeion ( 1916) &&4 l&al"a I.Uozoatorlo• ( 1 961 ) 1' It 'W l•t-toUII IIQUL value• of 5 co 50 ll9/1UIIckJ' u4 W2&'e aot conaict.&' .. co be a ~1.,. a• Che 40<J atucU.•• t.ozo ue 1ft calcal.&Un9 the KA value• eDr a~1ne.) 

Step 1: C.t•naitultion of the Rafezoonc:o :lo•e < UD) 
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0.48 •CfllcCJI'dAY • er<».&t., bceecl on ~· U.ence of c:a~ac paUGJ.ow or any oelle.::/aclv.tr•• c:UAJ.c:al, b-..tolo9ic:a1, bio• c:Js-.Lc:al. aDd biacopa~l.o¢c:a.L ettecu La-... 

1 00 • IIAC:e&'C&J.IlCY faccor, cbo•e 1ft &CCO&'clouace vl Cb &Ja or OGII/Ma CJW,cSel..J..ua for ue ~C!Il & aec&a. troa an &AJ.aal. •ci&Ciy. 
Seep Zz o.ceaainauon of ~· Drink.tn9 Wacu llqUY&laAc t.nl. (CIIa.) 

Ddt. • (0.0048 !IS{lt!(daYJ (70 lcf) • 0.16C ~t. (200 IOICJ/t.) C2 t./day) 

wh..:ea 

0.0048 119/1C9/day • RtD Cbetol:'e rowa41ft9 off co o.oos aq/1t9/day) 
70 lc9 • u•\IMCI l:lodF .. .tttac of &A acbal.c. 

I.Ltet:ae a • (0.1458 af/!.J uo•J • o.OOl afJIL (l u9Jt,J 10 

.zo• • ua~ relacift ~c:• c:oauibr.IUoA trc:a wacu. 

1 o • &441Uoaal -~c:r tactoc, ~Un9 co Ollr poUc:r, co accoac foe JIOMJltle <:~1-..DJ.c:icy. 

• A ...._ .....,_tc.cl bF c:uaa.-Ge19Y C:Orpocau.oa ( 1911) 1a RftOCt: of t.he pc~•t•t4e c-..ua.e.toca of ar:r&&iAe 1Acl1c:&t:e4 t.h&c au&&SAe 1a4w:e4 an .t.a••••ed 1ac:l4anc. of' IUIUI&ry tlaOI'I u f..al.e lpca.--ca.wler nu. 1'beM fia4t.4911 b.t:l,. tMMn turuar c:oafi~ 1a • bdefial bt' Clb&-GeiU c 1M7J oa uu acud:r. 

• 

• 

Au·uina •• noc on«:09enic: ill aLee ( c:!.b&~J.v, t911c) • 
'r~V- clCNBal:r relet: ad ualoqa a pl'op&&llla, t:ubl&~ aa4 aiaa&lna are · pc .... r:ly c:luaif1e4 u ~oup C onc:o.,.aa lau.s oa u iac::Mae4 bd4ence ot cllmra 1.n et~a .... ear~r: et.au• ( -ry tlaad) &ad uiMl 1pecie1 cracJ •• •• noted tor ar::a&ine. 
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00693? '• ne %Acuuei.Oa4ll AeJeacy for ... urc:ll • eanc:u baa llOC walu.cecl e."le 
~ pocuual. of acra&Lne. 

• AtP11'1a9 the "J.tel'i& CS..::r1laecl .!.ll IPA • • 911icleUa•• for uaea ... fte of 
c:arcU.ao...u,c: &'Uk (u.s. IPA. t H6bl • •~a&1A• •Y be c:laaaU.!.ecl in 
~-• c: z poa~l• h-.a c:arc:J.Aocpaa. 1bu c:ac-.o:y is uecl to&' 
ai&INie.nc::•• v£d l.Laiced ev1denc::e of c:a&'c:j,ao..,Uc::J.ey !.ft aniaau 1ft the 
abaeac::e ot bu.aa ct&ea. 

vt. cn.'RU C:RJ:UJUA, C::utDAICE AHD ftAMDUDa 

• 'l'oJd.c:J.ey clau oa euauae •r• rw1 ... 4 b'F =• aeion&l. Ac::acl_,. of 
Sr:1encea (HAS, 1977), aacl =• atwly by l:IUMa ee al.. ( 1969) •• waed 
t:o 1cleftt1fy a c:IU:oftJ.c: ...U. of 21.5 •41fk9ofd&y. Al.tho\Ufb at. tl\ae u.aa 
ic •• c:oAc:l~ Chat aua&Lfte 1\&a low c:tazoa.:..c: ~c:J.ey, aa uc:ueaJ.ney 
fac:eoc- of t,iJOO vaa -.J,oyecl 1a cal.c=al&t.loa of t!ae AD! fJ:a tnae 
ccw:sy, aiftc:e oa1y U.&ted cSau """• ava.ll&ble. '!he r:eaulUa.CJ valt~a 
(Q.OZ1 aCJiltq/cl.ayJ c:on .. poada t.o u AOI of o. 7l a~t. 1a. a 1C1q &4\l.l.t 
c:ou\IIIJ.a9 2 t. of weer PH' clay. 

• 1'oluaacea foe- auaa.ae alone aacl =• c N n414 reeia•• of auuue 
au J.e• -~Ut.•• 1a 0&' oa ft¥Loaa raw ..,r1c:\ll.eual c: uu•• han beea .. t&taUehed (u.s. D&, 1 Hie). ~... t.oluaac:aa ru.. fra 
o.u ppa cn.,lilfDle) l.a &ai.Ml prod\lleta f_.t. eacl ... c ~~) 
t.o 1 5 ppa J.a fta'.s.a.. •n••et toclclua. 

• Aa&l.pu ~f auuiae u br a qae c:brautop'aphie CQC) •tbocl, Mllt.hocl 
Moe 507, &ppU.cUl• to C!le clet.ezoainat.J.oa or c:u:t&1a nJ.uo.-a-pb.oephon. 
c::ont.aJ.a.iftcJ peft.ic:J.clea 1A ""lCU .-plea ( t:r.•· DA, 1918) • ta UJ.a 
•t.hocl, ap~t.ely 1 t. of aaple ia ..c:ac:t.e4 with •thylu• 
c:hlodcle· 'ae at.J:ac:t u c::oac:eaua~ecl aD4 t.!le i&l$fUIAcla u• ••pa.n~e4 
aia9 c:api.ll.&#Y col..- GC. .....l&'..at. i.e-- Ui-119 & nitntea 
phoe,..... ......_.. 'llle •Cbo4 llu Mea ftl.W& ... 1A a aia91• t..aboca­
t.o&y. 1!le ~- c~ec.ec:t.J.oa U.ai.t. for t:IM &IUil.J"U ia thia •t.Jlocl .. 
J.acwdS'19 auui.M, J.a o. U 119/L• 

• .,._ ... t t.ecbaolo¢•• ""J.c:b v111 r~ auuil\e fraa vat.ec iac:lt~cle 
aaJ.•t.S ca&'laaa aclllorpt.!.on, .toe ac:b&a.-.. """~~ o ... u, oaoae 
oxUaeioll u4 1altr&YJ.olec -rnd.iatioc. Oi::aYut.loaal UMCMftt. Mt.hocla 
h&Ye bee& foua4 co be inetfec:ti.,. foe- t.he zo-ftl of auaaJ.ne fra 
cldnJIJ.cq vatu ca•, ,,_., JUltau aacl ~ .. 1MS.J. tJ.at.ted clata 
st~qqe•c dl&t auat.J.oas 1110W.cl not. be eft~,. ill auaaiae r.-onl 
t lSI,. 19tMI IUluc aacl Pl'oak., 1 915al • 

• Iaker t tMlJ reponacl that. a 16. 5•1nc::h ac tUtu c::ap aizat r•lOO, 
wt~ich •• placed ~pall t.he npic! eancl tilt.e~ra at Che h.aat., Cllio 
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:06937 -.cec u .. a..nc plane. recb&c:.S auu~n• l.e.-ele bF 10 eo ••• J.n eh• 

.....- tzo• ell• Sandwllcy IU.Yec. Ac Jlaffec•a JuJ.eh. r...:a.a.teJ.aaa. 
~u ec &J,. c 19M) repor~.S eaac aa &cl.llocM&- coau~ftCJ 10 !.Ac:ta•.s 
~ ••tYaco !IV-GO 1 Z x 40 I:AC r_,v.s •uaa.f.ne eo leYel.e below 
~1• U.aJ.es for ove.w: t 90 <s.y•. 

• I.e ~· ~llncr Gir .. n. :a:~o wtec ue&c.ac plue. fAC: .!.A c:~a.a&c!on 

~u c:oAYeftuonal ueataeftt ach~.....S u ..,.cacre l'Mac:cioa ~ .,, of 
c:.tle auaZJ.ae J.n tile wtec fcoa Cba Ma..-e UYe.w: tlla.l&ec., 1Hll • 
.lU..:.uer aacl h'onJc c 1 915a > reporcecS ~c LA JAr tuu u1ft9 spUte4 
Qll!.o U•er W~atu vi~ th• ..Sci.Ltioe of 11. 7 Aft4 ll.l aCJIL of tr.c: ancl 
1 S~O &CJ/L of uua, PAC C'eaoYe4 64 eftcl M'• c-espeftl.Yely, of Cbe 
auaain•• IILtbec pezoc:uc r-••l.e reflec:cecS hi~ ac: doea .... 
IUluer u4 h'onJc c 198!b) .,a.c.eocec~ auaaJ..:t.e lwel.a ac weer ueac­
~ pl.ucs ... ..taic:b lltiU.ae<S MC:. !.A laowUftiCJ c:t'eaa u4 TS..fr1A. Clbio. 
Appl.ied •t :Jo•acre• rancrinc; fr• J. 6 to Jl •CJIL, tbe ac: acb.J.cwect 11 
c.o 91' r~Y&J. of acraz.ine. wi.t..'t !1iqfter P4r:ICU\C. :'81011'al.e &91&J.Il 
r•~·~~~q ~~qh~r PAC ~o-~q••· 

• H&:ri.s &ft4 N&rren c 19N) reponecl th.at AabeJ:Ute U•UO cac.f.oel uc:baACJe 
rea.i.a r-Yecl aua&Lae froa ~ eol~&U.C. eo 1eea UU ~l• 
l.ewe!.a. t'Urller u4 Maaa ( 1 Me) et1111U.ecl tile eft eft of •U"Yi.a9 J11 oa 
cU..t~at cation u4 &ftioa exc:b&a.. ruua. M a ,a of 7. 2... 45' 
r-=wal. of auuJ.n• •• ach.i.,e<l wi.~ ~ 2 afti.Oa exc:h~ r .. J.a 
&n4 vitll l!zP04 • .u tho~ exc:n&:lqe&.bl.e Lon llpac:.i.ea. • c:ll.U. u a1. ( 1975) reponecl t:h&t r..cacae a.oeia.., ~111&1"9 cellulose 
acec.ace a-.~:acue and a c~:oaa-Uftltecl pol~ea.l.a!.ae (a•100J _.,&"&A ... 
acc:.eatl&llr proc:eeeecl 40' of t:he ~t eolatioD, ~1A9 M &A4 9ft, 
&"eapectiftly, of t:he acraaJ.Ae 1ft t.he eolut!.oa. • 

• 

IUlt:aK ancl Pl'ou ( 1M5a) ec\11Ue4 the OJd.4aUoll ot ac:uJ.ne wit:h 
o..,. 1A boc.ta qillecl cU.atillecl &Acl ~ouacl .. tu. 111l&'yi.a9 ._.. of 
oaoae ac:hi_... a 70' ~:.-o•u of au&&ine 1A cUat.Uled water &Acl 49 to 
"' r:-9&1 of atcaaiAe in tfZ'OUA4 .. tu. 
Jr.Ua ec &l. ( 1t71) atudiect !:he efface of hl.Yic: ac14 UJli10& Cbe pbot.o­
cbeld.cal ft&lt1Uty of auaa.i.I'Ma to a:luano~ in'...u.&Uoa. a. 50' 
~:•:nal ot auutae •• &cb.l."" ...:!l futer: at bl91ler: pll c:oadl.Uoaa 
c.taaa a& lOW&' .. c:oacU.t.l.ona. Ill t.ha preaeac:e of fvlnc ac:.t.da, c.tae 
c-. Mtll4 fo&" 'lllU&Yi.olet inadJ.a~ioa to ac:h1ewe so• r~ waa 
•1 a& u1.a,. Clhl tiM r~ect to ac!U.eft a iN lar: r~al.8 wi~t 
tile ~~~r••••• ot tu.l.nc: &c:t.da. Since tulrtc: acicla will be pceaeat iA 
·~ •cera... W.ua•iolet i:r&d.!Ation uy GOt be a c:oat ... ffec:-c!..,. 
t~-.at altenati••· 
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IX.~ 

AcUu,. r.o. tteo. A r:..,i.., of e."le coor:cUftat84 r:aa.cc:h ~ton oa t.'le 
c ...... i.,. of eeac ape-. for: 1:h• c:t•cecc.toa of •=•..Uc: elfec:u,. 
apoaaor:M 1:17 1:!1• s.:.c. l'll&,cac. Mil•· 74a 7'7•93. 

~r!..ft9COft,. l,.ll. 1972. 't'tle lal:loracor:y anJ.Mla. !a• lA~l' laM&'&CO&'Y 
uJJul .:Lenee. 'l'he bre..U.n9,. ear:• ucl .....-.nc ot -..cs..ncal aa.t.a.l.s. 
O.nvJ.lle,. l:%.1 %nCe&'aUCe fl:incen Ucl flmliahua,. Ia~.,. PP• t•t t. lake.r,. o. 1Ml. lle.rl:lieide eoncaainacioA in •nid.p~al wate&' e~iea 1.n 
ftozthwacua Cllio• Pinal, a.ratc Mltpor:c 1 Ml. Jl.tepii&'M foe Gll'nc L&Jc•• 
tfecJ.onal P&'09l'• Offic:e,. u.s. laYit:a..AUl Jl.toceccJ.ea A.-ac:y. Uffin.,. OK. ll&klle, .:.a., .:.o. t.araon ancl c. B. fl:ic:e. 19'72. ~u.- of aua:line ancl 
l-tty.:troacyacruJ.n.e by e."le z:-ac. .:. AcJ1:ic:. Po04 Ol•· 10a 602-607. S&a~in, A~P· 1974. 'l'ox.t.c:J.cy of auaaine foe uJ.Mla.. Sb. ~. z.alncp:acl 

Vee. ZA•cJ.cuce. 36& 5•7. ( Bn9Uab alNIU&ft onl.J') a.YftOA,. X.%." Q. ftoytlin ancl A· H. WIL'i-t. U72. A C:OIIpad.•a of tbe 
b&'ealtclowa of 1:he uiuine l'la'l:'b.t.C:iclaa cyaa&aifte,. auu.t.ae ea4 elaaUu 
1.n ..,.u ... and in •La•· hat1c. IU.oc:h•· Jbyeiol. 2a15l•16l. SohJM,. 1., a&Sd r. lar. tM7. tl)er ct.n Abbau YOa 'hiaiA.,...&'bicd4ea 1a 
ciedsehec O&'CJ&Ai-•• foocl C:O._t. ~1Cic:o1. S12l•Je. (-Uu aMU&et 
ocly) 

k'adw&y,. o.a.,. aacl a.r. MDe..aA. 19G. C.tenJ.uU. of •1MZ7 cea1clue 
lewla of ue a..,.alkyl •1:4iloU.tee of uiaaiu hubic:1CS.e. :J. A~p:Lc: • 
.Poocl o.. lOtl<W-247. 

ll&"'laidl:,. o • .:. 1987. AD uH•-..nc of Che geaeuc: told.c:ity of auuiaea 
rela'I'Uc:a to bealu aAcl lllYi&'o,..,.tal •ffeet•. A 4oc--.~ prepu-ecl tor 
CLb.e-c=et.v ~qoratioG <•'llbiiJ.ttect to ~ 1a 1MI •• a Plft ~ c:tM-Gein­
c:~u 01a ue D). r.c:..,. ... 

a&c:baau,. (;.A.,. ua4 A.a. 111lt.bolcl. U7l. tt.&'fo ... ace uc1 paniftac:e of 
.-uaUA•· .- &~1. Us41l..,.l6· 

Chiaa .. a.a.L .. •·•· lnlr:e uc1 •·•·•· ha9. t97S. 'a nl of pMtic:icle• by 
~:•....._ CN~MM1•• lla•1nr-.atal Sdeac:e ucl 'l'ectUioloW• 9( 1) t U-!9. C!.ba-<ieiW'• 1971. lilt .;eproduc:tJ..oa acu.Sy""tee~ tor t:uat.oc)8Aic: oc .-bQOtoxic: 
efteaa. 10/1 t11, -r.ratolocw study of auuiu tAcluaical 1a Olarlee 
IU.YW rau 9/1 ,..., ~C)~' A, sacr ... nto. 

C.!.ba...C.iqy. t9eJa. Cllll'Ul a~Morptioft of 14C ... uaaiu by rat•· c:J.b&-Ga1CJY 
COI'poratioll,. Qr:Miletlo&-o~ c. llapon. *'• UI.•UOOS,. Mey,. 1Ml. Acc• .. 1.on 
No. 2sseu. 

C:iN.,...1ft'· 1H». llcc:l'•t1on nt• of 14C:1UU11le fl'• ~ly 4oft4 rau. 
<:11:»&-Geift' C:::Oq~Gl'&tioa .. GJ:••n•boro, c. Rapon •• ua-e30e1 .. Oc:tobel' .. 
ttel. Ac:c:•eeioll No. asse1s. 
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CJ.b4a-GeJ.tY tu. ,,.... A ceraeol.oqy scw~y ot •t:rau~ae tactuuc:u 1~a atul.ee tiYU Raua 1'tucJ.c:ol.oft'/;.&Choloqy r.,on Mo. •o..... laUD 00142001. 
. CJ.b4a-GeJ.t:r Ltd. ,,... s..-nc u. 1.'eracol.04W e1:1ady !.It ~:a~t~nua 't'oacicol.ocw/ paUolOV ~:eporc *• ........ MJUD 00143006. 

C!.b&-Geift'o tta.S. AtraaJ.ne c:tu:oft.t.c: fetiCLI.~t9/0il~C:ity •C\ady. Clae""'fear Lncer.t.a report. Miay 17, lteS. 

C.L!ta-Geift'• t9M. ~nty-fCN.r: •n~ c:tabillM. c:b~c: oral toxicicy u4 onc:o98Dic:!.ty ln rau ~tiliain9 &traai~ae teeftaic:al bJ ~icu 11o.-n1c: Corp. St:udy No. 410•1 102. kc:eeeioa l!lloe. 262114•26272 1. 
CJ.ba-Geift'• 1te7. kie.f.t.ag paper oft anaaia•· C.C:~, 191M. Aatal.ys!a of <:IU'oni.c: rae teecU.ng •tudy ru\1lce. C:S.ltoa-Ge.t.v c::=aq., <:r~:o .. HC. 
C.f.ba.-QeJ.qy. fH7a. l'vo-CJ18fter&UOD n~ npro4l¥:t.Lon.. ftudy Ill). 8U06l. QlD 404l1 J-4l. 

C.f.ltoa""Geit:r• 1H1b. Aeru.f.ae tt~c:bft.f.c&l••52-..e~C oral feeci.Ln9 1ft -... St\Mty Nil'». 152008 Ud '-tbolOV Rlport MD. 704.. lllllD 40lU-G 1. 
CJ.!ta-Geit:r• 1M7c. Aeru.f.ae tec:ba.t.c&l••tt...,.elc oral C:UCillo9eftlciq- etudy 1ft ai.c:e. ftl&dy IIIIo• M2UO. IIIUD 404l1l-42. 
C.f.!ta""Geit:r• ,,.._ c::a-rau oa the auu.t.u dra.ft Meltll a4Y!..,cy. A letter frca 'ftla.u Jtarua to u.s. DA/Oat. 
Cctftera, s.z ... c. tidea ucl 11. 11. tGctler. lte•. Jla.leolr£.&9 Groacl tlltu .for heuc:SAee 1A U. u.s.A. l!. balutioa of pe.UcU.. 1A gnucl water. AM&'J.c:u Ola.tc:al foc:ietJ' SJIIpHIJ.ua Serle e. •· l1 S. 
Co.-opoU.tu ~ratod.ee.• 1979. OI, Doameat •· OOS.1, DA Aceueion No. 2 ... 17%5. 

DIU'IMrat., A.r.., ad a ... u-.. lHa. Dl.eeipatioa aacl leacbiAtJ of 8U'uille .t.ra a llf.IIM.c& •U aftu nput..S appllc:auoaa. !1. ~~roc:. IIIXtA CUt. W.ecl C:Orauol Co~ •,. DU MI." l-5, l. Me. lacU.a&e P\h 66.o61e 
caut•~ .. v.c:., ...a •· ~. 1974. Ira den ~u- of auaw• by rat: u.._. J~MUC. Uoell ... ft~ioL -.;'ii2-21t. 
caadielcl., LZ.. ,,... Ia ..... ._,.t of t.he f811•t.1c eoxicitJ' of aua&f.ne 1 rft'i• of .....S.ttecl etudi .. encl docuaent prepar..S br D. llrUic:k for c.t.ba­GeiG'• A .-o (.i.acl\ICU.Atf era exec:uti'f'e •-&'J') fi'CIII U.S. IPA, Oftice of heticicle tntr... AprU 2 6. 

EU. 19M. Dlwir~Ul Sc:J.uc:e and 11\g.ta .. riACJ• Ja,1.., of U'Mt&bU.ity data tor 1:'.-:aYal. of as eyncnetic: or«JUic: ctu•icala fra cl.d.ftJd.nq vatu. u.s. rawtro-.nul ft'otection .\qenc:y~ Offic:e of Dl'iMJ.ACJ vaur, tllt~hinfft,on,. a:. 
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C&'i~. JI•O., C:.ll. l'::aall u4 O.P. Jib&'tfaJ'• 197._ ·..:.;:J"MNtiaa ~ &-'t&'iU!fte tMCJid.cide n.1"-• 1A vine• audiea ot •ctaeio•. u.s. ~u- 1A awtfte .. • ..-J. co bUUA •t~u-. .z. A~t&'ie. ~ Ot~. 27• 74l•74S. 
roaca&-,. 1".a.,. s.o. Jhu &Del N.H. Aid\~. tt7t. MK&~aoU• ot euaa.a. by elM eolUle t~aftiOA C 105,.000 9) f&-aa cbic:.llteA Uq&- bDMtu&ta• .z. Alglricr. rooc1 c:b-· 1 7alOO•l02. 

C..Lnes l' • .a. &Del R.m. tJ.n4&&'• 19M. Acute eo!d.city of geatic:t14ee ta M\llt uc1 w.ualln9 rau. 1\mdaa. Appl.. ToucoJ.. 7t2H-l0e 
Go~. 11:.11.,. aacl R.a. Qree~a. U71. IUc&'Obial ~adat.toa of tbe be&-bicide auutae 4UlCI 1u 2-ftJdi:Oay u&1o9. 
G&b-.ocald.F,. 11.:.,. r..v. ltaltl:-uuJc &Acl t...\. O,Cbolc. 1977. 'a»Jd.cololical. c:b&lranu1a£ce of the bvbicide ••aLa. -·•· DUo 5• Ul•U&. Ift& Pe•&£c1de• Ab•e~acc 10s711•71~, 1977. --
IIIU&'ia,. c:. :. ,. ucl Q.p. Mllnea. 1914. .W.OQtiOA &ad ct.aoC"ptioa of tacbiciclea bF -.11. Maeda. 12at20•t2S. 

!lazorla,. c:.:. lt67. race of 2-c:blon-.~iuJ.De bubieidea iD .-ou. .J. lilpic. l'oo4l c::ta•• Ua157•1&2. -

llauvi:-1:.11. ..-.v. ttea. -&'1' oa - atu&i.De told.ei~ .adlu nlllli&e.l c:1M..Qd.ft' Cl.aclwl£119 ..ua:.oU.• R'lldiea *'• U&-1711&,. 17041,. 17117, 151M,. 171U u4 AG•UOJ. N .._ &aa u.s. D&,. Qffic:e of l'eaticU. PI'.,_._. *1' l. 

~~a,..., v • .z. ,..7&'. 1912. ~~eauc:iaa acuc~.t...s LA.... lalc!Mn,. ... v.uu­aacl VJ.lld.fta. 

H.aaeltoa LAM&'&tod .... • 1M1. 'rwo-yeu dl&'Oilic feeci1D9 atadf iD &-au. ca: .. ~c •· ooous,. JGUD oo~a-:1. 
lfelllft9,. c:... un. JllaUc:Ue •bility iA aou.. u. J~JtUc:at:toaa of eo.U ~a-uru c:u-~•7• b'oc· a»il 11:1. aac. •· lSa731•74 .. 
IIU'la., L,. &ll4l •· a.Jt141c., lt'N. 'Ble effact: of dlall9ia9 •1atwa c:oadlt:iotut oft ca. ~~ of auaabe ia aou. tnu.Ua• of tile •tua ~P h"--.1• Cctldenec:e•-«ea4a. 21 S27 ... ll. 

tn.aea,. J' ..... ., •·•· ULl.uul,. ud ... a. Valu:.to. 1tlt. Uoe11ay of paaic:t•• u4 s.IUU'i.tl di...S.c:&l• fo&- ~\Sod')en.icitsr iA llic:aa A ~•:U•tnaq aote. J. ~.~~c. 42st101-t114. 

Ive,.,. !f • .1., aa4 1. And&'.,.. 1 M4. t.achia9 of a1aaaifte. auuiae,. cliuoa .. •nd 012A !.~ .o.U c:ol~a. tllpu.DUahecl atwly 1ubaf.tt..S ~ C:UMi=Gi!1W, G:-eei'UII:»oR,. 11. C:. 

Ivey,. M • .z., &ft4 •· And&'..,.. 1965. t.acbift9 of aJ.Maiaa,. auuifte,. 411"1101l,. and 012A ia aoil c:o1.-aa. tl\pu.bl.iahecl ac\&4f prapua4 bS' Ulaiwen1ty of Teftnea ... , lu~Miit:t:.S by Alle&-ic:an C&&-bonyl,. tac:.,. t.ufly,. w. 
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006931 Qu., s .. a ... ad '.l.'.s. Jbeter. 19M. lllaeiduell8 ot u.z:uine U~on--41Chy1 .. ~""lM,..opF.I.alliiiiO""'II""U'ia&S.a.e) ud. .1.1:8 -~u~ 1.4 c::tt.l.clcen 1:!8a~o~es • .;s. Ap'ic. Pooc~ <::ll41111&• 24:768 .. 771. 

IQ\an .. S.f1.,. ud ,.. ~~·.II'· 19'111. •w 1rra·.1f.aUon ot auauae !a. ~~~ f~-.ic Mid eol.v.uon. lll!l•iroi'!IIIMnUJ. kiuc:e and Beal.1:J'l. 11111la 3 19-:uo. 
t.avy., '.l.'.r.. lt74. ~Uey .ut.~ a.et.f.'Ruon ot bvbicides ic •U.-.eer sytu:-... lll'o:J•~ A-G24...a. AYe.l.lable frOIIIl MaUonel. 'fedUU.cel tnfo'C'IM~1oft serv1c:e .. SJil#ia9f1.eJ.ct~ VI.; n-238-632. 

:..&vy. r.r..,. r.w. llillle~ uad c. a. hueu. 1t7l. l:liii.,:.U~ ot z .. .--o and •~r•· uae at t:MH eo.U <kpetus a =• field. .;z. lll.UOn. ~l· Z:J.l2 .. l.l7· 
t.ehllrlaft., Aa.Zo 1959. ~aiUJ. ot ~CI lll4lftaty of <.:h-.ic:aa a foo48., d.N<Jll and coa•c.tc::e. Adleoc:.. f'oo4 asul C!Nq ~f. 

:Opll:'!eoo,. N ... R. aau:·ue .. r.. Mllari.ea.L,. s .. ft'~U~eiGeuat.,. A.N. lllilatlei,. J:. Sb.ll'ua,. t.. z.ac::c:azoo., A. Abb!:m~lo ud s. ~~::ua&ui. 19a. 11111N\alu of aau.,..Uc.U::y 1:tatllta oa ~· herb.i.eide auu.tce. Ma&ue. llliallll• 74a 250. M:Mit&-a" .. 
:,.YlcJ.na~ .. .311:'., a.lf., :~.:~. a..l4.r'aJ.c:!l~ .;.Q. MU~C, .:s.r::. ::&-el&ecl «tld Jt.M. O.&Zil· 19M. ~&mUu 4C1tJ.Yeted c::.&.:"boc !or r-.oY1A9 110t\Ui.bAl~e o~ca f&'CIIIIIl aiaW£ACJ •=~· a.s. b-.i.r:on.Mnc&l i'l'o~a ~q- .. Ol!f1ce of Jlle~ u.ct Dn>e~C~p~~~eat.. MlmJ.c.ipal BllYi~BUl. lllllraeeudl ~nt:.o~­aa~u- oa. 

*btu., R.c;.,. eel.. t9W7. hi:'S <=-.tc::al.s be~. l&'cl eel. al.lOG¢,by, OH: ~·=•~~' "*llllllhiac; eo. 
lUl!:nii.JI'., ll • .Z .. ,. aacl <=•A• ftoca&o 1H!Iae ft'M~C of IIIJ'ft~C o~J.c C::Or&Cai ... n.aau to~ ~·IX~~~~~. ~~~~~~~~ repo&-t. u.a. lllYUon.MnCAl hoc.Uoa ~ac:r .. ti!E'1.UJ.ACJ wacu Jllee~~U"cm Dbieioa. J\aly 1HS.. 
/IU.l~:ne&- .. ~~t • .z ... u4 c.A. ft:Qu. 1HA.. ft'Utant of &J'ft~C o~c: coat.uJ.­n.ut.u fo~ a.- u zoepalaeioU. J:Au&"Ul np»rt. u.a .. la~Ul Proeec-Uoa .,_c:r .. Dr1aW£a9 •cazo Rueucla DivU.toa. Clle.tM&- 1HS. 

1'10ln4u:·, v.. ""· SJIIIIIPt noloft' U4 ,p.a~q.bc»J.oa' of -..~!allmc.al pobor&inCJ with au~ .. ._,,. Mel. 17a271 .. 274. (lla!JUA U.t...-ac:t oal.y) 
MugnJJI:., IC .. L, &M C .. L. .-.. '1977.. *-C49Gftic1Cy of ~ Uiuiae bubJ.cidea &c&-a&M, ~UIS.ae .. aa4 aJ..aill,azine in ~!1¥1& •lapoBae.r. ;~. 'l'l::nd.col• !n~. IIMJ.u.. :b 45 91-497. 

NAS. 1977. •uoul k--.lf of sc.t.nc:••· Dri.ui:119 •=•~ u4 m.ucb. W.ah!n~a .. ll:a *t..ic:mal Jlca4GIIIIIIy h'IIUUBo PP• 5Jl ... 5l9.. 
~~y, t .... and a .. c; .. ~~. 1976.. Atzou1ne nr:s.f.tme.a a •;)o~ &-i'f'e&-.a ud triwt:.a.des.. ~l.lb!J..UH GCI,ldlf IB~CCH bf c:ilN~ia' CD~&'U1oa., GJI'eeaeo~o.. 11.c:. 
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hlM~ .. .z~•·,. ud a.o .. llllllctel•tf. tM.a. t!l• t:old.c:ol.091c:u •ffli!Ra of c•~ruJ.n fu98.cidlllle a.ad blll.diJ.c:J.dlaa on llh~&411p 6M c:at.Ua. .-n. •·~"· kaill. lei· 11hT.I,..7l ... 

~taJ.Mi',. .z.s ... .e.nd a.o. Rllldal.eff. tM9. 'lhe told.c:J.t.y of IIOIM Ol'CJ&Uc: hubic:tdea t:o c:acua .. .-.p ud chJ.c:una. Pl'cc:tuc:t:.:.on Rlllaeuc:h l'aJOi'C *• 101. u.s. oapa~t. of AfP'ic:W.tl.&&'e., Acp:ic:W.t.~al Raa411.t.&'c:i'l S.a:Ttc:.u , ... ze. 
Pllilc~&~:ll, .:r.w •• and R.J~C. O::lolc. 197:1. Uf~ of auauna on ~repro~oa tn uu. Se.al.l.. lllis11'ii'Oft· O::lat:•· ~ld.c:ol.. 9s lC:U ... l04. 
J~G~:caoy" c. x. l. 97&. CI:I.AppN~uc:e of Mllcaaon ud .e.c~:e&be U. dlc to• MU. ~pw.abl.f..t~~had scudy ~ctad by u.uo ~clocu c:cn:li'OII:'&Li.ort., tenipJ14ny., ~. 
Sc:hU.<:Ilel",. .:r.x., &Ad v.a. aeac. 1972. De31:11111lluua nanalUA'f fl'• bub1c:1.ta \&ae ..... A ~aae acl.ad,.. .:r. IoW411 Mild. !De:. 62a 4 ,,...,.~o. 
Sliild.ch,. A.x .... R. ~1' .. c; • .s. l!llll~~ttnsd .aanc:t !:I.e:. JO::urwm. 1973. lllars~e uc:t I'I!IIWlllllllaent: of ae=u.tne, or~c:.!..l.. lllcnuzon .. &Ad 11.1.1iaaiae iA iA~cUAC! "''"' t.U.l4Bd in:'ipuoa d.U:c.baa. c.az1- J. Pl&aC 81:::1.. 5SaiD~t. • 
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Guideline Series: 81-l 

R~vi~wed by: Hank Spencer 
S~condary reviewer: R.B. Jaeger 
Da t. e : 4 I Z 5 1 8 3 

see HE:NORM"D.t\: ".t\trazine Registration Standard• (Tox. Chapter 
d.:. ted .; , 2 5 /8 3 ) . 

Harion P~pley_ D. v.r-1. 

I DATA EVALUATIOll REPORTI 

' .. -- ('••, I • .. • .- • '-

-'Date 

CHQ1ICAL: Atrazine TQX. CHD1. NO.: 63 

STUDY TYPE: Acute inhalation - rats 

t•tR!D NU?-tBER: OOOZ/95 TOX. DQC.: 1983 Tox Reg Std 

SYNONYI·!S: Atrozina. '!'ecnica 

SFONSOR: Industria Prodotti Chimici 

TESTING fACILI·rx: Hazleton Laboratories America. Inc. 

r:rLE or REPORT: Acute inhalation - rats 

A~IHOE!Sl: Frederick I. Reno 

STUDi' iJl.";·!BER\Sl: 915-100 

REPORT !SSUED: April l, 1975 

CONCLUSION: AILDso for the nominal is > 167 Jn9/L 
AILDso for actual exposure can not be determined. 

Core Classification: Invalid for the reasons noted in the 
discussion. 

L·I~.!JSSION: This study and the original PER have been 
ree·:aluated and the study reclassified as core-in•:alid due i;.O 
inadequate methodology, including, but not limited to the 
tollo·..:ing: 
Fai·ticle size ;.:C'\s not determined, actual exposure to compound ,..as 
not deter-mined, atmospheric concentrations were not monitored. 
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• . . Acute Inhalation - Rats 
Ha~leton ~a~o~at~ries America Inc. 
?ro~ec: :?:5 -:co nated: Apr:'...l. L 1975 c ... - ,, .. . .. . 

MRID: 000:7095 

~ateria! ~ested: ~trozina, Tecnica, (atrazine technical) 
(purity not stated). 

Animal '!'este=: ·~ale albino rat (254 g- 308 g). 

~et!'lccs: 

l 0 n:ale rats were exposed to a sine; le dose of 167 IIICJ/L 
Cnon:inal co~e.l for 1 hr. in a 38L glass chamber. Air delivery 
was 10 L/l':':i!'\. 

The rats were housed individually during exposure. 

• 

Sacrificed on the 15th day after 14 days of daily observation. 

Results: ·-----
Clinical siqns - hypoactivity: excessive salivation: eye; 

r.ose, ~outh ~isc:harae. At 2 days post exposure a slight brown 
crust exhihited around eyes, nose, mouth by day 4 signs had 
disappea reri. 

Lc 50 > 167 ~g/L 1 hr. (nOC"inall 

Cere: 

. ~~ini!'"u:':l. ?urity of the technical grade is known to tbe 
95' a.i. cr greater. 
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UNITeD STATU EMYIIIONMCNT AI. PIIOTCCTION AG1NCY 

WA8HIMOTON.D.C.lMQ 

._.,~. D& ~at.ioa ....,.,.. 201--411 

~&t:aaiae 

Applic.Ulta Shell nu c:~ 
..U.t.e 200 

. 1025 ~cut. ......... w 
WUbitailt.OB• 0C:: 200H 

lct.i.Ye 1~;ll.entz 

Mndne ~ Z-c:bl.ol:'o-o&~tl\~!.~!ao 

~.-

006937 

l•laQ9zapy~•-•-tzt·~············
····················95• 

a.ld~ c~~da·······················
···························s' 

.. di:C]!'O!J!dl Sulai~ted a cc:apa:at.ift lld.D. .. uJ.UAtioA lt\MtJ' t.o p~ vaUcl 

dat.a to be a.m.• l.tuted fo: the ! P.Y&Ud slcia sensit.iu.tJ.oc:. daea pnviowaly 

subaltt.ed. Study eoncluct.ed b7 WU. P.caea~ t.Abo:a~r.i.••• Iae. Data aot 

access.ioned. Me~ of suppos't 'I.Ot .in41e&t.ed• 

( 1) fDI"rSS f.iftds these data acceptable to support coftd!UOGIU. :reiJiStret.ion of 

t.bis pRdUICt.• 

I.&bels 

(l) No adcUt.iOMl label CQIIMfttS• 

(l) Compa:ative Skin Seuitizat.ion uain9 Technical At.raxine (Cc4& 7-15-0-0) 

VB-304-398 and (Code 7-A..4-G-O) 2401-143)1 Project. 111IL-1214-78J Ka~ :Zl., 

1979. 

Procedure: Test qroup111 con.eisted of 5 K and $ I' ~·pip and 4 control 

~ups consiMtinq ~f 3 M and 2 I' .,uinea pi9s in two groups an4 3 I' ancl :Z M ~ 

the other two g-roups. Each of the l.l IJ&'Oups received one ~ the follovin9 
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tnaa.nua Vehic:le C:O.tzol • 100' etb&Dol1 Jtoa.U,. Cona:ol. - 0.1 •• 2.4 
41a.U:zoc:bloi:Obenaene J.a ei:hafto1J 'l'ec:ba1c:al AU.U.. (Codtt 7•1S-O-O) 10• v/Y 
110l'ltion 1ft ettumolr ~c:al &vu.t.ae (Code '7•14-G-G) 1ft v/Y M1uUoa 1A 
etbaaol1 Ve!U.cle Conaol. - cU~e41 vateE'J ~1 AuaaiJMa (Code '7•15-0-G) 
ftOILb'E'i.UUn9 al.UE':ry wi.th vatU'J 'fecbaica1 AtzaU.. (Codtt 7•14-1-G) 
ftOILb'E'iUUn9 allln'Y wi.t:.b vatur 'feobalcal Auad.De (C::OS. 7-lS-0-0) 10• v/'fl 
110l'lt!on 1ft et:.baaolr 'flltc:Mic:al Atz:adae (Code '7•14-G-G) lft w/Y in .-t.~w~ol• 
TIICb.nieal. Aua&ine (Cot!e 7-15-o-o) non.in'itat.1.1'19 slu.ny vit:.b watu1 Tedul.icu 
Atn&lu CC:OCS. 7-14-G-G) non.fzritaf:..in9 aluzry wit:h vatU'. 'fhe.n wen t!u:ee 
HltaiUaift'l doaea 91.,... tap1callJ' oa aba'fta anu, oace Jla' 4&7 for tJtNe 
~1,. daJ'8• Fo1.lowln9 a few: da7 nat pwio4 after the laat HUiUUQfJ 
4DM. the cb&llen9e doee waa aclll.lai.U.:.d. A o.s a1 or o.s 9 ..._ of 1:be 
appzopriate aaterial -. uaed. m..,.uoa ...S. 24 hoali:a aftu tile !1%111: 
HltaiUUft'l cloM ancl ~tu the c~sau...- don· 

V~c:le Control Group 1 - 100• Ethanol 

Four gu.iruta pic;s exhibited diqht eE'J'th .... fi,. ex~Ubit:M aln!u1. 
e~, aacl one exhil:tited no napoaae to the &pplicaUon of the aenaiUzinfJ 
4otte. Fl.,. guinea pip ex.IU.b1tecl aUght·~· ':W ah.i.bitecl •biul 
~ aftcl three aJddllitecl no napoaae to the ~UcaUCICl of t:he cbal.lenge .... 
Pollitive Control Grou.p 2 - 2,4 clinitrochlozobenzene-0.1' (v/'fl) aolution in 
et:.banol 

Three CJUJ,nea piqs exhib1te41 alight eE'J'th ... , threa ~t:M a1niaal 
eE'J"t.b-.. and four exhDited no reapoaae to 'tho application of 'the aeuiUdnCJ 
doMe four 9\11nea pi.p exJU.bitM JaOdeE'&ta ezythaaa aDd edaa. t:hree exhibitecl 
IIIOderate ei'J'th-a, two exh.t.b1ted. alight erytta-. ancl one exhibited ll!.r.ill&l 
~ to the appl.i.cation of the c:b&llente doae. 

Teat Group 3 - Tec:hni.c:al Atrad.ne (Code 7-15-o-ono• (v/•) solation ia ethanol 

Fo= CJUJ,nea piCJ• tmhibite4 alltht e~, fCIW:' exbUd.tect no napo~~U~e to 
the applicat.ion of tbe aenaitid.nt clo•e• One CJQ.iae& piCJ ex~Ubite41 ~ate 
eE'J"t.b<iliiA vith alight edema, tvo ex.IU.J:iited •fnii'ILI!1. 82:'J't:.b ... an4 ae"ftn exbibitecl 
no response to the app1icat:1on of the challent• doae. 

Four CJ!Unea pita exhibit:e4 alight eE'J'thUII&., five exhibited alaiNl 
uyth-.. and one exh11U.te41 no napoue to the applicaUoa of t:he aeuJ.Uxiq 
dose. Five tuinea piqs exhibited alitht e:a:ytheu, two exhibitecl IL1..nillalal 
eE'J"t.bema and three exhi.bit:ed ao re•ponae to the application of 'the ch&Uente 
do••· 
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t1one ot ~e CJW.n- pip ubibl.ted -. nepo~We t.o tbe qpUc:a~ioft of ~ 
aena1U&ift9 .,... an. 9'1ift .. pi9 ~ted •int-1. ·~ ud nJ.ae 
~t~e4 no naponee t.o tbe IIPI'lS.C.Uoa of the cladl .... ••• 

TeR c:roue 1 - Tec:hntc:al Auaa... (Code 7-ts-c-o I nonudU!lB! d!!!:X 

1lone of ~ lJQ.in- pip ub.Ud.ted u.:r nepoewe •~ tbe ._uc:aUcm of ~ 
eeaei~ab'l .SO.. or 1:be c:balleac- .... 

't'eR Cko5p 7 - 'l'e~hnJ.c:al Avaa... fc:ode .,_14•0-GJ aoalft'lUUns etvn:x 
IIODe ot ~ fJ'l1nea pip uldlal~ -. Hapotl8e t.o tbe appUc:aUon of ~. 

MZU~i~! doee. 1:hfte ~ ~P eddlti~e4 •fatu1 ~ ancl .. ,... 
exhib1~e4 no r .. ponae t.o tbe ~Uaa of tbe -.u.,... doe•· 
C:zoq;~e 8 thz:ou9h l1 wen viqiA ini.Udon c:ont:zal. CJZ'OVI'• to be applied ancl 
84:0&'84 only et the pd.auy c:haUeave· W.U. of ~ pnYiowllr -.nUonec! CJX'Ovpe 
~i~ any nsponae to the appUc:aUaa • 

... 84 OD the r .. u'l~• .w:.i~ted. ~cal. Auaaiae (Code 7·15-0-G) and (Coc!e 
7-14-G-0) &&'e nonaenaiti:&inCJ• 

S!:1!!y C:laeei~ic:a~ion: Con etnt-. OIJIIenatiCIIUI a~ 24 and 48 houra af~e&­
..c:h AtWllc:ation. 
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Revi....ct J:ay: Marion P. Coplay, o.v.x., D.A.a.~/Jh11/t~ Sec:t.2, AA:tinCJ Section Keacl, H I (Dtl) ('l'S-71;~~ 1 u: secoftduy J.'eviever: JUdit:h w. aawnd.rth, ~-D: ~ ~ " If' ~ Actinq c:hiet,. 'l'B I (IllS) (TS-76tC:) ~ A) ~W 

DA'l'A EVAI.UA'l'lOM JtUORr 
STUDY TYPE: tO-day t..Sin9 - d04J 
HBtP NO.: 00163339 

DST JWl'IRIAL: Atrazina 

SXHOJfYMS: Atranex 

STUQX NQMBIR: '1'-635 

SPQNSQB: Atjan Ch .. ic:al Hanutacturan Ltd. 

TOJ, QIP 10: 63 

TIS'l'IlfC PWLITY: WAR!' Inatitute, Inc., Kadiaon, Wiac:or..in 
TtTU: or RQORT: 90-Day aub&cute tHdinCJ atuciy ot Atranex in dOCJII 

AQTHQBCSl: If, Tisdel, D. Barril 
REPORT ISSQEP: Not apeeitied, Initiated J.n. 12, 1977 
COlfCLtlSl:OH: 

NOEL < 200 ppa (5 aq/kq/day) (lov doae teate4) LEt. s 200 ppa (5 ac;./kq/d&y) baaed on body veiqht qain depreasion in the aal••· 
In addition at E23 ppm (15.8 mq/kq/day) and above in aalea, there waa a aliqht deer ... • in nsc, acr and sa. 'ftlere.vaa also a •ild to to~ arreat of sper.aatogen.,ia. At 2000 ppa (50 IICJ/bJ!day) in ulet, theJ:e vu 4ecreaae4 food consumption; in tuelet, t:here vat body weigbt loat, dec:rea..t food conaUlllption, and a alight decreate in RBC, HC"J.' and HGB. 

Classification: 

Special Review criteria (40 CFa 154.7) could not be determined since a NOEL was not established. 
A. MATERIALS: 

l. Test compound: Atrazina technical, Description - not qiven, Batch # - 7003, Purity - not qiven t. 
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2 tO-day dog, 12-1 

2. 'l'tl1j an!Jiala: Specieaz dorJ, Strain: bea9le, Aqe: DOt: CJiveD, Weiqllt: not 9iven, souce: lUdqlu Paza, r.:, Mount IIQreb, Wiaconain, antula were 9iven a 2 aoni:b accliaatization period. 
B. sxgpx QISXGH: 

1. anw1 •••1cma•n1i 
AniJI&la vera •••iCJDecl to t.at cp:oupa baaed on weight, aex and litter ~entification (aee table 1). 

'fAII.I 1 ExperiMnt;al Dlaign 

1 Ccmt 
2 Low (ID1') 
3 1114 (HD'l') 
4 High (HD'f) 

Do•• in Zat. doae baaec! diet on 0.025 ~ 
<ppsl """" 

0 
200 
632 

2000 

(BIJ/kCJ/4aY) 
0 
5 

15.1 
50 

K&in Study 
3 w.ontha 

Mle f-1• 

4 4 
4 4 
4 4 
4 4 

Diet preparation, !ltorage and &Dal.yaia for b.oaoJeneity, atability and concentraticm vera DOt cli1M:oaae4. 
3. Anillala recei.ved food (PUrina canine Diet) .14 lihitg tor 1 hour daily a..n4 water Ad lihitg. 
4 • statiatics - The procldur- utilued in analyzincJ the numerical data are not liated. x.ana aDCl atandard deviations appear to have been uaed tor aoae nuaerical paruaetera, ie. body night and food c:onaUJI.pticm. organ weiqhta were coapared uaing the T-Teat. 
5. A aignecl qual.ity aaaurance atat..-nt vaa not prueat. In addition, there vaa no aignature paqe. 

c. METHODS AND sgm,ts: 
1. 9b••:rntion•: 

Animals were inspected daily for signa of toxicity and mortality. 

Toxicity/Mortality (survival) - There were no mortalities or treatment related clinical signs obaerve4 durinq the study. 
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Atraaine 3 tO-day cloq, 12-1 

2. IQ4¥ nigM 

Aniul• wen veiqhec:t at atucly initiaticm, then v.ekly aDd. again at teraination. 

Reaul ta - MALIS - Aa can be ••en 1D table 1, tbe2:e wae a deereaae 1D bocly veiqbt gaiD ancl t body veiC)llt pin in all qroupa of -1•• treatecl vith atraaine. Tbia ~ vaa do•• related. 'l'Vo doqa in uch of the LD'l', 11M' aft4 mn actually loat vei9ht cluriftg the atudy. SU.tia1:ic:a bCMWer, vera not done for theae valu-. ~LD - ODly 1:IM IID'r teaal•• had a decreaae4 weiqht gain (actually a v.ight loaa ot! 6 t, coapared to a gaiD ot 24-21t 1D the cthe: 3 qroupa). 

TABLI 2 Body yeiqh1i !pl and t ytight gina tor 13 W!IAJqt Cone in ale I t..ale diet day o day 90 qain t . qain 1 day o c:J&y to CJaift t pin 

cont. 
200 
632 

2000 

3. 

8063 10375 2312 2tt 1511 1150 1562 24t 7600 1539 93t 12t 6375 1075 1700 27t 6788 7225 437 It 5531 7075 1537 21t i738 7363 -375 -5t lt75 1575 -400 ,.., 
[gQSI c:onamm~ism 1Dd s;o&QYDd iDSiUtl 
conauaption vaa clete:nained daily aD4 reported aa veekly total• of ••an daily diet conauaption. Food co~ion in terma ot! body veiqht, foocl efficiency ancl C01IpOUD4 intake were not calculated. 

~oocl conauaption - Food conauaption vaa only clecreaaed (eatill.ated at 30 t 1••• th~ controla) in t!ua ROT -1•• and t!uaal••· Valuea in the other qroupa v.re variable and could not be attributed to treatlleDt clue to the ~1 sample •iae (n•4) • statistics vera not done on th .. • valuea. 

4. ORht;b,•laolgcdcll examinatigns were not reported. 
s. BlgQSI yaa c:gllts:ted before treataeDt and at o, 4, 8, an4 13 weeks tor h..atoloqy and clinical analyaia rroa all animala ( faating not specified) • The cm:CltED (X) parameters were exazined. 
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Atrazin• 90-day do;, 82•1 

a. lftpetqlgqy 
X 

I X I ll ... tocr~ (HCT) * 
I X I H .. oglobiD (BGB) * 
I X I IAukocyS;e count (WBC) * 
I X I Erythrocyt• count (RBC) * 
1 1 Platelet count• 

I 
lXI 
I I 
lXI 
lXI 
I I 

Leulcocyt;a differential count• 
IIMft COrpaeulU' 8GB (KCB) 
lC8Ul COJ:pWIC. KGB ccmc. (KCBC) 
Kaar. corp;aac. voltme (KCV) 
Reticulocyte count 

1 1 Blood clottinq ... aureaenta 
1 1 ('l'hrollboplaatin tiae) 
I I (Clottinq tt.e) 
I I (Pro~cmbin time) 
• Requ!red tor aubcbronic and chronic atudiea 

Reaul ta - Aa can be ••en in tabla 3, t.baJ:8 appeared to be a 
sliqbt deer-• in RBC, Hct l&ftd BicJb in aales at the MDT and 
HM' L'"ld in f-1•• at the HDT. Other=·~- vera within 
expected ranges for the &98 and ~ciaa or there vas too 
much within vrouP variation to 1l&b any conclusions. 

IABLI 3 Select b.,.tclgqy Cll yetkl 
cone in HC'l' JIGS DC I RC'l' KGB 

10~1•/ diet (') (~) 1045 call•/1 C') (~) 
Em g1 I 

JG.I..ZS I 
Cont. 43 15.3 6.92 I 41 6.97 

200 41 14.8 6.57 i 42 6.98 
632 35 13.0 5.57 I 39 6.19 

2000 33 12.2 5.46 I 34 5.80 

.b. ~J.s:a11 Ch!lJdlt:a: 
X I 
Electrolytes: Other: 

:XI Calciua• lXI Albaain* 
:x1 Chloride• I 1 Blood creatinine• 
I I Magneaiwa~ I XI Blood urea Ditro;ran* 
l XI Phosphorous• I I CholHterol* 
!XI Potasaiwa• lXI Alb/Globulin ratio 
I X I Sodiu:a* I X I GlucOM* 

Enzymes lXI Total bilirubin 
! X I Alkaline phosphatase (AT..K) I X I Tot&l serua Protein ('l'P) * 
! 1 Cholineatera•• (ChE)t 1 1 Triqlyceridea 
1 1 creatinine pboapbokinaae•A 1 1 Serua protein electrophores 
1 1 Lactic acid dahydroqanase (LAD) 
JXI serum alanine aainotranaferasa (also SGPT)* 
!XI Serum aspartate aminotranQferase (also SGOT)* 
1 1 Gamma qlutamyl transferase (GG'l') 
1 1 Glutamate dehydroqenase 

• Required for subchronic and chronic studies 
I Should be required for OP 
A Not required for subchronic studies 
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aa.ulta -Then were no tnataent-rela~ cb.aa9u in 
cliaical cheaiatry values • 

X 

• 
E. tzrimlluia"' 

Urine vaa collected (taatinCJ not apec:itied) aniMals at o, 
4, a and 13 we.U. The C::SZCUD (X) paraaeten were 
teXaained. 

X 
I I Appearance• 
1 I Volwae• 

lXI Glucoaa• 
lXI Ketones• :x1 Specific gravit~• 

!XI pH 
I X I Bilirubin* 
lXI Blood* 

1 I Sediment (aicroacopic) • I I Nitrate 
I I urobilinogen lXI Pt:otein• 

Alfot required tor aubchronic atudiea 
• Required tor chronic at~iea 

X 

Reaulta - There vers no treataent-related chanq ... 

7. Saeri(iqe and Pa~oJogy 

All aniaala that died and that were aacriticed on achedule 
wert~ aW:.ject to C)Z'Oaa pathological .v•h'lAtion and the 
CHECDD (~) tiaauea were collected tor biatological 
exaaination. (X) Tia•uea van collected but not exaainaci. 
The 1JJl organa. in addi~ion. Y•rt ywiqhld. 

X I Oiqeative ayat .. Cardi~aac:. /H&aat. Neurologic 
I I 'l'onque I I Aorta• I XI Brain*+ 

XI Salivary glanda* lXXI Heart• I XI Periph. nerve•t 
I EaopbaCJWI* 

XI Stcmacb* 
I XI Bone aarrov* I XI Spinal cord (3 leveJ.s} • 
I XI Lpph nod-• I XI Pituitazy* 

X I Duoclemm* 
XI Jejumz:a• 
XI Ileua* 
XI Cecua* 

1 C:olcm* 
I Rectua* 

XXI Liver •+ 
XI Gall bladder• 
XI Pancreas• 

Respiratory 
I XI 'l'raehea• 
I XI Lunq• 
I I Noaa 
I I Pharynx 
I I Larynx 

I XXI Spleen I XI Eyu (optic n.) •t 
I I ThYJIUa* Glandular 
Oroqenital lXXI Adrenal gland• 

I XXI Kidneya•+ I I Lacrillal glandt 
1 X I urinary bladder* I I Maaary gland•t 
1 XX I 'l'estea•+ I 1 Parathyroids•++ 
I I Epididymidas lXXI Thyroida•++ 
1 XI Prostate Other 
1 1 Seminal vesicle! XI Bone•t 
!XXI ovaries•+ 1 1 Skeletal suscle•t 
I XI Uterus• I XI Skin*# 

(key on next paqe) 

XI All qroas lesions 
and usaea• 
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* ~ for au.behZ'Onic &DI:l c::tu:on!c atwUu. 
t In a'1bc:bronic atucu .. , en•ined. oaly if incUcateld by aiCJW~ of 

toxicity or- taqet OZ'IJ&n i.Dvolv...ant. 
+ OJ:9an weiqht requirad in BWx:hrcmic ud ~c atuclie8. 

++ orqan ve~;ht raquirad for non-rodent atudiaa. 

a. orqan wei9ht - 'l'here appeared to be a alie)ht 1!\c::reaae in 
kidney vei9ht (relative) at the 11M in botb a&leti and 
faal... The bioloqical aipific:a.nce of ttli• can not be 
d•tU'ained ainee: 1) ttleae value~~ ven not aipificant 
at p < o.os level for ttle 't-Tut., aDd 2) t"uRe were no 
unUIIual renal hiatoloc;ic f!DdincJ•· Ab.olw::e telltu 
weie)ht were decreaa~ about 30 t in tbe ~ .ale~~ while 
relative veiC)l:lts wen only decnaiMd about It.. All 
ottler orqan weights wen aiailu t:» control•. 

b. Grose patboloc;y ... 'l'here vena no tnaabent-relatecl cb&nc,;rea 
noted at necropsy. 

c. Microacopic patholoqr 

All MDT and HM ~&&lea had. aild. to total U'Z'Ut of 
apeJ:'JII.atoc,;reneai•.. In addition., ac:me tutela bad &bnorJMl 
cella or d.egenerative tubule•.. There wn no other 
hi~Ptoloc;ic c:hanqea related to tru:taent. 

D.. DISCQSSXQH: 

Four beaglaa/aexjg.roup were exposed for 90 days to atrazina 
t•chnical in the diet at either o, 200, 632 or 2000 ppm, 
reaultinq in approxiaat.e doaaa of 0, 5, 15.1 and 50 
mq/kq/day, reapectively. 

There were no overt eigne of tqxicity or aq£tality due to 
atrazine treat.Bent. Although the coapany atatea tb&t ~ 
yeiqht ¥&11 only affected. in the high doae .U.ea aDd faalea .. 
the data indicate that boc!y weic;ht waa decnaaed at all 3 
atrazine treataent level• in males and hiqh dose f..alea. 
Even wen body veic;ht wa• evaluated for uch individual 
anblal (rattler thaD •• means), there appeand. to by no NOEL 
for Jalea. All IHntioned in the reaul til, 2 11alea in each 
atraaine treatment group had weight loaaea while the loweat 
weight gain in controls for the 90 day period va• 12 t. 
Chanqea at the weekly intervals were leas informative than 
the monthly or 90 day chanqes due to the amall aa.ple size 
(n•4). Body weiqht losses at the hiqh dose were con~~istent 
with decreased food cgnsgmption at thill dose. ~ other food 
consumption data wa~~ difficult to interpret since it vaa 
reported as qjdoq rather than adjusted for body weiqht (g/kq 
body weiqht). 
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Atrazine 7 90-day doq, 82-l 

Sl.ight decreases in h••tolgqic ind.ic~a (RBC, BCT and HGB' 
au~ a possible an .. ia in the MDT and BDT ll&les and BDT 
~~-. • Al.thouqh this is consistent with findincJs in other 
stud.! .. , the bioloqical significance could not be d.atermined 
conclusively since the chanqes and sample Giza were small. 
~l other measured laboratory paramqters were si=ilar to 
control values. 

Histologic changes were limited to a mild to total decrease 
in spermatogenesis in all mid and high dose males. The HOT 
decrease in testicular weight, although consistent with these 
hiatoloqic chanqes, may have been due in part, or completely 
to decreased body weiqht. Other orqana (weiqht and 
histopathology) appeared unaf~ected by treatment. 

Since this study report was completed in the 1970s, it does 
not contain inform~tion now required in every report. The 
followinq items were not present or incompletely reported: 

1) date report completed 
2) signature page 
3) signed qual.ity assurance stat .. ent 
4) purity of the teat compound 
5) teat diet preparation (frequency) and atoraqe in~ormation 
6) analysis of homoqeneity, stability and concentration o~ 

test diet 
7) snli'IDary of statistical methods used 
8) teat compound intake, based upon body weiqht and feed 

consumption 

Due primarily to the lack of a NOEL in the males tor body 
weight depression and the other deficienciec noted above, 
this study is assigned a core-classification of 

• In addition, at 623 ppm (15.8 mqjkq;day) and 
above in aalea, there was a aliqht decrease in RBC, HCT and 
HGB. There was also a mild to total arrest of 
spermatoqeneais. At 2000 ppm (50 mq/kq/day) in ul•s, there 
wa• decreased food. consumption; in fuales, there was body 
weiqht loss, decreased tood consumption, and a sliq~: 
decrease in RSC, HCT and HGB. 

NOTE: Althouqh electrocardiography is not required in subchronic 
doq studies, this is on- of the more senaitive parameters 
reported in an acceptable chronic doq study for atrazine. 
Therefore, tbis study should not be used to determine 
potential sypehronie cardiae toxicity trom ~trazine even 
thouqh there were no histoloqical cardiac chanqea. 

COPLEY\PC6\ATRAZINE\SUBCHR1.234, REGSTO,t63,ll/8/88 
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Reviewed By: Irving~~;, Ph.D. TB Project No.: 8-0320 
Section VI, To•ieology Branch (TS-769C) Date: 

006718 

Secondary Reviewer: Judith w. Hauswirth, Ph.D., Hea~-~-LL ,, _ ---~-' 
Section VI, Toxicology Branch (TS-769C) ~~-~ 

'1-/~/rl" 

· TOXICOLOGY BRANCH: DATA REVIEW 

Chemical: Atrazine 

Study Type: Chronic (52-Week) Feeding - Dog 

Caswell No.: 063 
TOX Chem No.: 080803 

Citation: Atrazine Technical - 52-Week Oral Feeding in Dogs 
(MIN 852008) 

Accession No.: 404313-01 (3 volumes) 

Sponsor: Ciba-Geigy, Corporation, Greensboro, NC 

Testing Lab.: Ciba-Geigy, Division of Toxicology/Pathology 
Summit, NJ 

Study No.: S52008 (Tox./Path. Rpt. No. 87048) 

Study Date: October 27, 1987 

TB Conclusions/Evaluation: 

CORE MINIMUM DATA. Although the mid-dose (150 ppm) was 
proposed by the testing laboratory as the NOEL, a number of 
minimal cardiae changes were found in a few animals at this 
intermediate dose. Bence, TB regards the LOT (15 ppm} as the 
NOEL, until more exactly defined between 15 and 150 ppm. 

Dietary doses administered: O, 15, 150, and 1000 ppm. 

Intake equivalent: mg/kg/day 

Male - 0, 0.48, 4.97, and 33.65 

Female - 0, 0.48, 4.97, and 33.80 
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DETAILED REVIEW 006937 • 
Test Article: 

Atrazine technical (Batch FL 850612): nature and purity not 
stated'here (but reported elsewhere as 97 percent): mixed in 
canine feed (Purina No. 5007) for oral feedinq. Samples of the 
admixture were monitored at reqular intervals for contaminants, 
stability, homoqeneity, and atrazine concentration~ 

Procedures: 

PUrebred 5-month-old male and female beaqle dogs (Marshall 
Farms, North Rose, NY) were acclimated to the laboratory for 
l month, then assiqned randomly to four qroups, which received 
feed containing 0 (feed only, six animals/sex), 15 ppm (four 
animals/sex), lSO ppm (four/sex), and 1000 ppm (six animals/sex) 
test article. 

The animals were observed daily, and body weiqht and food 
consumption determined pretreatment, and weekly durinq the first 
13 weeks of treatment, then monthly thereafter. Auditory and 
ophthalmoscopic (by Fison Indirect Ophthalmoscope) examinations 
were performed during the pretreatment period and quarterly 
during treatment, as were electrocardiographic (EKG) tracings 
(10 leads). Seven hematological parameters (hemoglobin, 
hematocrit, rbc, wbc, differential, platelets, and prothrombin 
time) were also measured during the pretreatment period and 
quarterly thereafter, in addition to reticulocytes and Heinz 
bodies. Fifteen serum chemistry values (BUN, creat, SGOT, SGPT, 
alk phos, glu, tot bili, tot chol, inorg phos, Na, K, Ca, Cl-, 
tot prot, alb, glob, and A/G ratio) including CPK and LOB, and 
nine urinalysis values (spec grav, pH, prot, glu, bili, urobili, 
ket, occ blood and •icro) were also determined according to the 
same sa~ling schedule. All surviving animals were necropsied 
during week 53; co~lete necropsies were also carried out on any 
animals that died during the study period. 

A coaplete roater of tissues, according to Test Guideline 
directivea, was fixed in 10\ neutral buffered formalin for 
microscopic examination: 

Adrenal (2) 
All Gross Lesions incl. 

Tissue Masses 
Aorta 
Brain: 
cerebrum 
cerebellum 
medulla/pons 

Kidney (2) 
[Larynx/Pharynx) 
Liver 
Lunq 
Lymph node: 
Axillary 
Mesenteric 

Mammary gland (F) 

-2-

Salivary Gland 
Skin 
Spinal Cord: 

cervical 
lumbar 
thoracic 

Spleen 
Sternum w/marrow 
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Cecum 
Colon 
Duodenum 
Esophagus 

Muscle, thigh 
Nerve, sciati.: 

Stomach 006937 

Eyes w/optic nerve 
{Femur w/jointl 
Gallbladder 

• Ovary ( 2) 
Pancreas 
Pituitary 
Prostate 
Rectum 

Testis w/epididymis (2) 
Thymus, when present 
Thyroid w/parathyroid (2) 
Tongue 

Heart 
Ileum 
Jejunum 

[Rib at costochondral 
joint) 

Trachea 
Urinary Bladder 
Uterus 
Vagina 
[Vertebral 

Absolute organ weights (brain, heart, kidney, liver, ovary, 
~ituitary, spleen, testis with epididymis~ and thyroid/ 
~arathyroid) were determined, and relative weights calcul•ted 
using a computer system. Gross pathology data were initially 
recorded manually, but later entered into th~ NOJ pathology data 
base.. A detailed examination of the hearts of all animal3 
sacrificed at study termination was performed, including 
measure~ent of left and right ventricular wall thickness, in 
order to augment the description of the ~ature and severity of 
any cardiac lesions. (!!: Cardiac toxicity was the subject of a 
flagging statement in the final report of this study (Volume 1, 
page 4 of 1405).} 

Data on body and organ weights, feed consumption~ clinical 
laboratory values, and EKG t~~cings were stored in the Beckman 
toxicology system data ba2e (7JXSYS) in the IBM 4361 mainframe 
computer, and analyzed Sefa~a~ely for each sex by a two-tailed 
Dunnett's multiple comparisons test (p < 0.05 and < 0.01) at 
each time point during treatment, in order t~ detect any 
differences between each treatment mean and control. During the 
pretreatment period, an F-test for testing equality of all 
treatment group means was performed. Nonparametric versions of 
these procedures (based on rank rather than numerical values) 
were employed on parameters not normally distributed (e.g., 
highly skewed). Supplemental statistical analyses were necessary 
where the significant deviations were detected via diagnostic 
procedures. These included data transformation, nonpar~etric 
tests, and tests without assuaing homogeneity of group variances. 

Results: 

Chealcal Analysis/Dosimetry 

Routine (monthly) chemical analysis of feed admixtures 
indicated that the concentrations of the test material were 
within ~ 10 percent of target concentrations (92 to 107 percent, 
Appendix 9.8). The admixtures were stated to be stable for at 
least 21 days at room temperature (92 percent of target concen­
trations for the •15 ppm• test formulation, Appendix 9.7). (~: 
The same tabulation indicates, however, a 99 percent target 
stability for the high-dose admixture, 1000 ppm.) Analysis of 

-3-
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multi~• subsaaples during week l of treatment revealed atrazine 
vas h~eneously distributed throughout the feed admixtures (relative standerd deviations were 2, 1.3, and 1.7 percent, 
respectively, for the three dosage groups: 15, 150, and 1000 
~pm, APpendix 9.9). 

Based on feed consumption and avlrage-qroup mid-period body weight- (Table 8.4, Appendlx 9.1.4, discussed below), the daily 
doses and ra~ges (fro• Table 8.3) were calculated as follows: 

Dietary 
Concentration Mean Daily Dose Range 

.. Grous;! !22!!) <!!!9~Sildaf) C!!SJLkg.!dayl. 
2 15 0.48 0.4 - 0.6 
3 150 4.97 4.3 - 5.7 
4 1000 33.65 20.1 - 38.0 

F 2 15 0.48 0.4 - 0.6 
3 150 4.97 4.2 - 6.0 
4 1000 33.80 23.1 - 39.3 

Mortalitx.!Clinical Signs 

Three animals had to be sacrificed during the study in a 
moribund condition: one 150 ppm male (14 M) on day 75: one 1000 
ppm female (39 F) on day 113: and one 1000 ppm male (16 M) on day 
250 (Table 8.1, Appendix 9.1.1). Control and 15 ppm animals 
survived the entire study period without incident. The •uthors 
considered the moribund condition of 14 M to have develop3d 
spontaneously, unrelated to atrazine treatment. This animal lost 
3 kg and became cachectic early in the second month of treatment, 
following prior bouts of hypoactivity, bloody discharge from the 
penis, fecal changes (bloody, mucoid, and/or soft), mydriasis, 
and reduced pupillary response. Clinical laboratory changes 
included elevated white cell count, increased serum globulin 
level, and depressed erythroid parameters. Principal his­
topathological findings were ~tated to be consistent with 
published reports of disseainated fibrinoid necrotic arteritis 
(termed •polyarteritis nodosa,• or, alternatively, necrotizing 
vasculitis), considered a spontaneous disease in the dog, 
involving -.ningeal, coronary, renal, and other blood vessels 
(mesenteric, testicular, etc.). 

Whereas the authors considered the moribund condition of 
39 F (1000 ppm) to be related to compound administration, they 
considered th~t of 16 M receiving the same compound level 
unrelated to treatment. 39 F displayed a syndrome of clinical 
changes including an abnormal EKG profile, ascites and cachexia, 
referable to cardiopathy. Pathological changes included abundant 
clear ascites fluid: cardiac dilatation, and liver adhesions. 
Histologic findings included degenerative lesions (both atrophy 
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and myelosis) of the atrial myocardium, as well as hepatic 
centrilobular necrosis. On the other hand, 16 M manifested a 
persistent and•progressive dermatitis with development of sores 
and scabs, and failure to gain weight associated with low food 
consumption, bat none of the clinical signs referable to cardiac 
insufficiency. Necropsy findings includttd skin lesions as­
socia~ed with Demodex sp. mites, but also degenerative lesions ln 
both atrial rwocardi_!. Hence, while the moribundity of 16 M was 
consl<iered to be due to the debilitating, progressive dermatitis 
caused by mites, the authors admit the possibility that atrazine 
could ~ave contcibuted to the debilitated state, because of the 
presence of •cnsound-related myocardial lesions.• 

Among animals on 1000 ppm atrazine, treatment-related 
clinical signs attributable to atrazine-induced myocardial 
degeneration (discussed below) included ascites (one each high­
dose male, 15 ~. and female 39 F), cachexia (one male, 14M, 150 
ppm; 1 female, 39 F, lOO!l ppm) and labored/shallow breathing ( 15 
M, 1000 ppm). Both of these high-dose animals as well as three 
others fed at 1000 ppm (19M, 20 M, and 40 F) had EKG and/or 
morphologic evidence of heart disease (characterized as irregular 
heartbeat, tachycardia, and increased heart rate), in contrast t.o 
t!'-'l mid-dose dog, l4 M, which did not. These treatment-related 
c •• nical signs correlated to pathologic findings attributed to 
atrazine administration. 

A variety of other clinical signs, considered by the authors 
to be apontaneous findings commonly found in laboratory dogs were 
recorded (see Report Table 8.1 attached to this review). Since 
they occurred randomly and were not dose-related, they were 
considered to be unrelated to atrazine treatment. 

Body Weight/Food Consumption 

High-dose males and females ate less feed from the first 
week of treatment, which caused (at least in part) a parallel 
reduction in body weight or body weight gain (Figures 7.1, 7.2, 
7.3, and 7.4: Table 8.4: Appendix 9.1.4). Compared to baseline 
(pretreatment) valuea, percent body weight gain at study 
termination for the 1000 ppm group was +29.7 percent for males 
and 21.5 percent for females, whereas for controls the gain was 
46.6 and 35.6 percent, respectively (Report Table 8.2, attached 
to this review). However, only the change in males was signi­
ficant, at p < 0.05, using the two-tailed Dunnett's test. 
Treatment-related, statistically significant reductions in food 
consumption were found in high-dose males and females during the 
first quarter of the study period (Table 8.4). Where differences 
were not significant, food consumption was recorded as consis­
tently less than in controls. No statistically significant 
reduction in body weight or percent body weight gain and food 
consumption were recorded in males or females ingesting feed 
containing 15 or 150 ppm atrazine. 

-s-
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Ophthal&DOacopy 
• 

No compound-related ocular changes were found ~~ 
ophthalmoscopic examinations (Appendix 9.2). A su·:4111ary of 
individual ophtt:almoscopic findings revealed c::.1mparable inciden­
ces and types of chan.ges in cont~ol as in teat -;roups. 

Electrocardiography 

Treatment-related EKG changes were stated in the text of the 
report ·to be found only in the high-dose groups at various tim• 
points of recording (Appendix 9.3). Statistically significant 

.o...-~"'findin· n males were recorded for increased heart rate on days 
t~•i::'' ·-gs 175 a~<\ P-II (height of P wave) on days 85, 

·k. ·· , 75, 67,~nd 361; decrea~d PR-interval time on day 361; and 
~ decreaaed~T-interval time on days 267 and 361. Statistically 

• .:......,.... significant findings in females consisted of decreased P-II on 
days 85, 175, 267, and 361; decreased PR on day 175: and 
increased heart rate on day 175. 

The-authors noted other statistically significant EKG 
changes in all teat groups, but these were considered •incidental 
and unrelated to treatment.• They included decreased mean 
electrical axis at day 175 and increased P-II and PR at day 267 
in low-dose females: increased R waves at day 361 in mid-dose, 
and at days 267 and 361 in high-dose males; but also sig­
nificantly decreased P-II of 0.200 mV (p < 0.05) in mid-dose (150 
ppm) females at day 175. (This is the sa.e change considered 
treataent-related in the high-dose group, with a mean value. of a 
0.100 mv at day 175 in ~~gh-dose females, p < 0.01.) The value 
in 150 ppm females was stated to be within the norma~ background 
range of values for the species. (Background values were not 
provided in the report, however, but the concurrent control value 
was given as 0.267 mV.) The staff cardiologist for Ciba-Geigy 
also noted ar~ythaia (atrial fibrillation) in four high-dose dogs 
(two aales and two feaales) at various time points, and atrial 
premature C08plexea in one high-dose female at day 361 (Appendix 
9.3). 

Rematgloqx 

Trea~nt-related changes in hematological values were 
reported to have occurred in the high-dose group only (Table 8.5 
and Appendix 9.1.5). These changes consisted of slight but 
statistically significant reductions in erythroid parameters (red 
cell count, hemoglobin, and hematocrit) in males only throughout 
the study (considered secondary to body ~eight depression), and 
mild increases in platelet counts in both sexes (said to be 
•minimal• by the authors), and of unclear toxicologic signi­
ficance, since this increase did not correlate to any pathologic 
observation. Additionally, sporadic statistically significant 
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alteration• in other hematologic parameters. considered by the authors to be toxicologically unimportant, occurred in males of all test groupi CMCV, wac, eosin) and in mid- and high-dose females (lymp mono, wac, MCHB, and MCHC). All these changes were considered •spontaneous and unrelated to treatment,• since neither dose-response nor consistent time-response occurred, they were not associated with any morphologic findings, and group mean values were generally within the range of concurrent control values, as well as historical background for differential whitd blood cell counts (stated as •MtN• and •MAX• in Table 8.5). 

Biochemistry 

The o~ly compound-related bioche~tical changes reported were slight decreases in total protein and albumin, statistically significant (p < 0.05) for high-dose males and considered secondary to reduced feed consumption (Table 8.6 and Appendix 9.1.6t. Other statistically significant difference3 occurred sporadiCally in low- and hiqh-dose males and females, and were considered spontaneous changes unrelated to treatment, since they were neither dose- nor time-related, but marginal and within concurrent control values. Among lew-dose animals, findings consisted of increased total bilirubin in lll&les and increased phosphorus in feJUles: in high-dose groups calciua was decreas•d and chloride increase in males, while females had increased sodium and glucose. 

Urinalysis 

No stated compou·nd-related changes in urinary values were found, although several sporadic statistically significant differences occurred in all test groups (Table &.7 and Appendix 9.1.7). Low-, mid-, and high-dose females had nondose-related increased numbers of epithelial cells at day 175 only: in addition, high-dose females had decreased protein at day 270. Cecreased crystals and specific gravity were noted in mid-dose males at day 89: on the other hand, high-dose males manifested increased crystals at day 89, decreased epithelial cell number at day 357, and decreases in wac at day 175. All these changes were considered spontaneoua, with no consistency, and within the range of concurrent control values observed in this study. 

Organ Weights 

Treatment-related, stati3tically significant changes in organ weights were recorded for high-dose animals, specifically decreases in absolute (but not relative) heart weight in females, and increased relative liver weight (both body and brain weight ratios) in males (Tabl& 8.8 and Appendix 9.1.8). The cardiac changes were considered a direct effect of atrazine administra­tion, while the liver weight change was primarily due to one 
~nimal (15 M) and considered secondary to ascites. Other 
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statistically significant changes in organ weights occurred in 
mid- and high-dose animals, but these were considered unrelated 
to treataent •• For example, mid-dose females manifested marginal 
increases in absolute heart weight and heart/brain ratios 
inconsistent with the treatment-related decreases at the higher 
dose._ High-dose females had increased relative (to body weight) 
ovary weights, consistent with stages of estrus rather than 
atrazine administration. 

Gross Pathology 

_ ~ross pathological changes ccnsidered to be related to 
atraztne adaini~tration were found in the majority of high-dose 
survivors (4/5 males and 5/5 females) and consisted mainly of 
moderate to severe dilatation of right and/or left atria; less 
common cardiac changes included fluid-filled pericardium and 
enlarged heart in three males (Report Tab~•• 3 and 4 of Appendix 
9.4, attached to this review). Secondary chan~es included 
abdo~inal ascites and liver adhesions, the most severe noted in 
two animals (15M and 39 F), one of which was sacrificed moribund 
before study termination (39 F). 

Microscopic Pathology 

Microscopic findings were correlated to the gross changes, 
cardiac lesions occurring most often and restricted to high-dose 
males and females (Table 5 of Appendix 9.4, attached). The 
principal histologic lesion observed was atrophy and m~oaJ.s of 
the atrial .yocardium, with atrial edema. Less commonJI~gns in 
high-dose animals included centrilobular hepatic necrosis (two 
females} and serous lymphadenitis of the mesenteric lymph node 
(one male and one female). These treatment-related gross and 
histologic changes were also correlated to EKG abnormalities. 

Summary 

In su..ary, the authors concluded that treatment-related 
effects of atrazine feeding were found only at the highest 
dietary level (1000 ppa • 33.65 mg/kg/day for males: 33.80 
mg/kg/day for feaales), and included (as taken directly from the 
Final Report): 

1. At least one death (female) [and possibly twc, if one 
includes 16 M]; 

2. Cachexia and ascites; 

3. Reduction in body weight and percent body weight gain; 

4. Reduction in food consumption; 

S. Irregular heartbeat and increased heart rate~ 

-a-
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·s. EKG alterations such as increased •..:art rate, decreased 
P-Irvalues, atrial premature complexes, and atrial 
fibrillation: 

.7. Sl1ght changes in hematological parameters such as 
decreased erythroid values and increased platelet 
counts; 

·~.. Slightly decreased serum <total} protein a:td albumin: 

, 9. Slightly decreased absolute heart veight in felll4les and 
slightly inere~sed relative liver weights in males; 

10~ Moderate to severe cardiae lesions consisting primarily 
of dilatation of right and/or left atria and myocardial 
degeneration \atrophy, myelosis) of the atria. The 
cardiae lesion~ were considered direct effects of 
atrazine ad~inistration, whereas many of the additional 
findings (clir.ical, hepatic, etc.), wera considered 
secondary. 

From these results the authors proposed that the NOEL in 
this dog study was 150 ppm (actual intake, 4.97 mg/kg/day for 
both sexes), and based upon the cardiotoxicity observed~ the MTD 
was exceeded at 1000 ppm. 

A Quality Assurance (QA) Statement was present, attesting to 
repeat inspections/audits of this study, and sig11ed by the 
Director of QA/Regulatory Compliance, October 27, 1987. 

TB Evaluation: Core-Minimum Data 

Doses administered: 0, 15, 150, and 1000 ppm (equivalent to 
measured intakes of: 0, 0.48, 4.97, and 33.E5/33.80 [M/P] 
mg/kg/day. 

The most significant effect of atrazine administration 
described in this 1-year dog study was the syndrome of car­
diopathy, featuring discrete myocardial degeneration and most 
prominently found in the test group ~eceiving the highest concen­
tration of dietary atrazine, 1000 ppm {equivalent to actual 
intakes of 33.65 mg/kg/day for males, 33.80 mg/kg/day fer 
females). Clinical signs referable to cardiae toxicity, such as 
ascites, cachexia, labored/shallow bl·eathi~:~.g,and abnormal EKG, 
were first observed as early as 17 weeks into the study. Gross 
pathological examination revealed moderate to severe dilatation 
of the right atrium (and occasionally the left atrium), micro­
scopically manifest as atrophy and myelosis (degeneration of the 
atrial myocardium). The authors proposed that the NOEL vas 150 
ppm (4.97 mg/kg/day) for both sexes. 

While conceding that the MTD was excP.eded at 1000 ppm, we 

-9-
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question whether 150 ppm represents a va~id no-effect level. Two 
mid-dose males manifested some cardiac involvement, which was 
discounted by ~e authors as not treatment-related. Animal 12 H 
had .a •moderate• degree of dilatation of the righ~ atrium, 
combined vith •minimal• dilatation of the left atrium, plus a 
•pale lesion of the epicardium of the left ventricle• on gross 
examination (but it was asserted that r:.o microscopic atrial 
lesions were found). Animal 14 M was sac-.:if!.cti~d moribund during 
the 11th tr~atment week manifesting clinical signs ouch as 
hypoactivity and cachexia (among other changes). Gross patho­
logical examination of this animal revealed •red• right atrium, 
histologically manifest as a •thickened• atrium with edema. The 
cause of death was stated to ~e consistent with disseminated 
arteritis, reported to occur 5pontaneously in beagle dogs, and 
termed •polyarteritis nodosa.• Additional support for consider­
ing 150 ppm an effect level is provided by significantly 
decreased P-II waves ir. mid-dose females at day 175 of the study. 

If ·these cardiac changes at the mid-dose level represent 
the lower tier of atrazine effects, then this intermediate dose 
should be considered an effect level (LEL); thus, the next lowest 
dose level (15 ppm (0.48 mg/kg/day), becomes the NOEL. This 
would conform to the TSCA Test Guidelines, which advise that the 
intermediate dose produce a low level of toxicity, and there be a 
gradation of effects frcm the appropriate spacing of doses. 

Attachments 

-10-
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ATRAZINE 080803 

Page" __ _ is not included in this copy. 

Pages /0 7 through l Zo are not included. 

The material not included contains the following type of 
information: 

Identity of product inert ingredients. 

Identity of product impurities. 

Description of the product manufacturing process. 

Description of quality control procedures. 

Identity of the source of product ingredients. 

Sales or other commercial/financial information. 

A draft product label. 

The product confidential statement of fo~ula. 

Information about a pending registration action. 

~ FIFRA registration data. 

The document is a duplicate of page(s} 

The document is not responsive to the request. 

The information not included is generally considered confidential 
by product registrants. If you have any questions, please contact 
the individual who prepared the response to your request. 



.A. REFERENCE OOS:£ FOR CHRONIC ORAL EXPOSORE (RfDo) 

nical -- Atrazine 
!Ul -- 1912-24-9 
il!:t.L -- 063 
Line: 08/02/88 

t.A.1. 0~ RfO SUMMARY 

Ltical Effect 

Jnificant decr•ased 
n: waves in femal.es 
day 175 and . · 

:diac toxicity. seen 
two dogs · 

!ear Dog Feeding 
ldy 

:~a-Geiqy, 1987 

Experimental Doses• 

NOEL: 15 ppm 
(0.48 mgfkq/day) 

LEI.: 150 ppm 
(4.97 mq/kq/day) 

100 l 

0069~7 

RfD 

5E-3 
mq/kq/day 

----------------------------------------------~----~~---------------------:reasect body 
lghts of pups of 
1eration on the 2nd 
Jtnatal day 21 

;eneration Rat 
lroduction Study 

:>a-Geigy, 1987 

NOEL: 10 ppm 
(0.5 mq/kq/day) 

LEI.: 50 ppm 
(2.5 mq/kq/day} 

·-------------------------------------------------------------------------
>nversion Factors: 1 ppm • 0.025 mq/kg/day (assumed doq food consumption) 
)nversion Factors: l ppm • 0.05 mq/kq/day (~ssumed rat food consumption) 

:.A.2. PRINCIPAL AND &OPPORTING STUDIES (ORAL RfD) 

lZine Technical - 52-Week Oral Feeding Study in Dogs 
l-Geiqy, Division of Toxicoloqy/Patholoqy Summit, NJ 
l-Geiqy Corporation 
ly No. 852008 (Tox.;Path. Rpt. No. 87048); October 27, 1987 
Accession No. 404313-01 

Purebred 5-month old male and female beagle dogs were acclimated to the 
>ratory for 1 month, then assigned randomly to four qroups, which received 
l containinq 0 {feed only, six ani~alsjsex), 15 ppm (4 animals/sex), 150 
(4 animals/sex), and 1000 ppm {6 animals/sex) [0, 0.48, 4.97, 33.65 (M), 

1 (F) mgjkg/day] for 52 weeks. The LE~ for this study is 150 ppm based 
1 statistically siqnifcant decreased P-II waves in females at day 175 of 
ly and cardiac toxicity in tw~ male dogs were observed. At the highest 121 
l tested (1000 ppm), ERG alterations such as increased heart rate, 
·eased P-II values, atrial premature complexes, and atrial fibrillation 
moderate to severe cardiac lesions (dilatation of the riqht atrium, 
1phy and myelosis) were observed. 



iero, J.; Yourenetf, M4; Giknis, 
neration Reproduction Rat Study 
arch Department, Pharmaceuticals 
-Geigy Corporation, Agricultural 
y No. 852063; November ~7, 1987 

No. 40431303 

M.: Yau, E.T. 

Divis;i.on, Ciba-G•iqy Corporation 
Division 

~ne hundred twenty male and 120 female rat~ were randomly distributed into 
aatment qroups ro, 10, 50, 500 ppm {0, 0.5, 2o5, and 25 mg/kg/day)). 
rats were placed on the control and test diets at 47 days of age and 

les at ~a days of age. They were maintained on these die~s for a period 
J weeks prior to mating. Males and female1 were housed toqether in a 1:1 
~ for ma~ing. They were allowed a thre• week period f.vr matinq and were 
::-ated once evidence of mating was seen. One l.:." .:ttr was produced in each 
::-ation. After weaninq of the first generation, thirty males a~d ~hirty 
les were selected tor the second parental generation.' The remaining male 
~tal an~als were sacrificed on days 133-134 of the study. Animals 
:ted for the ~eeond generation were exposed to test diets for 12 weeks 
::- to ma-:ing. Mating was conducte-d in the same manner as ~"r the fir;;;t 
::-ation. Parental males were sacr!.ficed on day 138 of the study and 
~~al females on days 138, 139, and 152 after weaning of their litters. 

\trazine had no effect on the reproductive parameters studied: however, 
~eiqhts at postnatal day 21, second generation were 5tatistically 
Lficant~y lower than those of the control group at 50 and 500 ppm. Body 
~ts, body weight qain and food consumption were sta~istically 
lficantly decreased for parental animals, males ar.a females, throughout 
;tudy ae the HOT. In addition, a statistically significant increase in 
:ive testes weights ~as seen in both generations. Therefore, the 
>ductive NOEL and LEL are 10 and 50 ppm {0.5 and 2.5 mgjkq/day), 
!Ctively, and the Parental NOEL and LEL are 50 and 500 ppm (2.5 and 25 
J/day), respectively. 

A.3. ~CERTAINTY AND MODIFYING FACTORS (ORAL RfD) 

:oo. A~ uncertainty factor of 100 was used to account for the inter- and 
tspecies differences. 
, .... 

A. 4. A:)DITIONAL COMME~lTS (ORAL RfO) 

Considered for Establishing the RfD 

·Year Faeding- dog: NOEL-15 ppm (0.48 mgjkg/day): LEL=l50 ppm (4.97 
·;kg/day) (statistically significant decreased P-II waves in females at 
-Y 175 c! study and cardiac toxicity seen in two male dogs): core grade 
~imum CCiba-Geigy Corp., l98~a) 
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2) 2-Generation Reproduction- rat: Reproductive NOEL=lO ppm (0.5 mgjkgjday); 
Reproductive LEL-50 ppa (2.5 mgjkgjday) (decreased body weights of pups of 
the second generation on postnatal day 21); Parental NOEL-50 ppm (2.5 
mgjkg/day); Parental LEL-500 ppm (25 mgjkg/day) (decreased body weights, 
body weight gain, and food consumption in both parental males and females 
throughout the study; In add~tion, the increase in relative testes weights 
seen in parental males could be treatment-related since it was seen in bo~h 
generations); core grade min~um (Ciba-Geiqy Corp., Agricultura~ Division, 
l987b) 

3) 2-Year Feeding/Oncogenicity- rat: Systemic NOEL=70 ppm (3.5 mgjkg/day); 
Systemic LEL•SOO ppm (25 mg/kgjday) (reduced body weights and food 
consumption); core grade min±Dum (Ciba-Geigy Corp., 1986} 

4) Teratology - rat: Maternal NOEL•lO mg/kg/day; Materanl LEL-70 mg/kgjday 
(reduced body weight gain in ~irst half of gestation; High mortality at 700 
mgjkgjday); Developmental NO~lO mgjkgjday; Developmental LEL=iO mgjkgjday 
(delayed ossification); core grade minimum (Ciba-Geiqy Corp., 1984a) 

5) Teratology - rabbit: Maternal NOEL=l mgjkgjday; Maternal LEL=S mg/kg/day 
(reduced body weight gain and reduced food consumption); Developmental 
NOEL-S mg/kgjday; Developmental LEL=75 mgjkgjday ~HOT; increased 
resorptions, decreased fetal weights o: male and female pups, delayed 
ossification of appendages); core grade minimum (Ciba-Geiqy Corp., 1984b) 

Other Data Reviewed: 

1) Oncogenicity- mouse: NOEL=JOO ppm (45 mg/kgjday); LEL=225 mg;kg/day 
(~ecreases of 23.5% and ll.Ot in mean bodi weight gain found at 91 weeks in 
male and female mice, respectively and increase in the incidence of cardiac 
thrombi in female mice); core grade guideline (Ciba-Geigy Corp., 
Agricultural Division, 1987c) 

2) 2-Year Feeding- dog: Systemic NOEL=l5 ppm r14.1 ppm (0.35 mg/kgjday); 
analytical value]; Systemic !..EL=l50 ppm [141 ppm (3.5 mgjkgjday)"; 
analytical value] (increased heart and liver weights in females; effects 
at 15.00 ppm included reduced food intake, decreased body weight, rgduced 
hemoglobin and hematocrit va1ues); core grade supplementary (Ciba-Geiqy 
Corp., 1964) 

J) 3-Generation Reproduction - rat: Systemic NOEL>100 ppm (5 mgjkg/day) 
(HOT); Reproductive NOEL>lOO ppm (5 mg/kg/day) (HOT); core grade 
supplementary (Ciba-Geigy C~rp., 1966) 

4) Teratology - rat: Maternal NOEL=100 :ng/~<g/ciay; Maternal LEL-=500 mg/kg/day 
(weight loss); Fetotoxic NOE~100 mg;kgjday; Fetotoxic LE~500 :ng/kgjday 
(fetal resorptions, weight loss); core grade minimum (Ciba-Geigy, Corp., 
1971) 

Data Gap(s): None 
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• TOI. CHEll. 110.: 'j 
MIQ m.: OOI'f 1 t 

1 
'f 

S!UQY TYP[: Cftron1c oral toxtc1ty/oncogen1c1ty Study 1ft rets. 

ACCI$51011 -~~: 262714•262727. 

TEST NTIIIM.: Atraztne tecnatcal. 

S!UPT NU!IE!fSl: 410-1102. 

SPQ!SQI: CIIA G£I6Y Corp., Greensboro, NC. 

Tt$!1M fKILJn: Mer1can ltogentcs Corporation. Decatur, tL. 

TinE QF IEPqiT: Twlftty-four •nth eOIIIbtnecl cbron1c oral taxtcity <~nd 
oncogentcttr study tn rats uttltztng atraz1ne tecbntcal. 

AUTHOf!CSl: ,_yflev, 0. A., T&ylar, 6. D., Saitft, S. H., lnd lUis, D. A. 

REpotT IS$UEP: Aor11 29, 19M. 
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006937 CQNCLUSIQIS: 

Under the condtttons of the study. atraztne was oncoge~tc in co-1 Sprague-O&vlty ~rats; an tncrease tn carctn0111s of the ._ry gland ..,.s oltservtd tn f-les fed 70. 500. or 1000 111111 atraztne for 2 yean. The" was also an tncrease tn the tnctdence of ftbroadenaaas/adena.as (1000 D~) u · we 11 as all .-ry t.,.n tn f .. les recetvtnt 500 and 1000 DPII when cOIIII)ared to controls. There was 1 decrease tn •an bOdy wtgftts of •les and f ... lts recetvtng 500 and 1000 DOll· SUn1val vas decreased in fttgl'l-dose fltlllles but tnc"astd tn btfl'-4ose •les. Rift con PUIMten (htfll0glolt1n. htatocrtt. and m ce11 count) were dec,..asld tn ftfgb-dose fltlllles but not tn •les. The serw glucose level was decreased tn h1gl'l-dose ftftlales at l. 6. and 12 IIOfttfts and serw~ tr1glycertde levels ttndld to be decreased tn high-dose ftllles througllout the stUdy: hcwever. tile toxicologic 1~~~torunce of the clinical ch•tstry ftndtngs ts unclear. The,.. ,.,.. . decreases tn organ-to-body weight ratios tn high-dose animals. wtttcb were pro&a.~bly tlte result of l»ody wtgftt decrtases. Hysaerplastic changes in htgft-dose •les (...-ry gland. -bladder. and prostate) and f.-.les (myeloid tissue of bone aarrow and transitional epttheltua of the kidney) were of questionable toxicologic t-.ortance. There was an tnc,..ue tn retinal degeneration and tn centrolOOular necrosis of tl'le 11ver 1n htgb-dose f-lts and an 1nc...ase tn d.,..-.erttton of tlaf rectus f1110r1s IIUscle tn high-dose •les 1nd feMlts ,..,.. COIII»<<I"Id to controls. · Based on decJ"Mstd body wight gatn. the L.OEL for chronic toxtctty in •les and f .. les ts 500 POll and the 110£L 1s 70 ...-. 
Core Classtftcatton: Co,.. JC1n1-. The study can be uotl"'ded to Core Gu1de11ne tf 1nd1vtdua1 an1 .. 1 disposition data can De provided. 
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A. , MATERIALS: 

1. TtJt ~oaaound: Atrazint tecftntcal; descrtptton: a whitt Dowdtr. llatch iCC FL0821575; statM purity: 98.9 perctnt--cont•tnants wtt'e ROt dtSC ri bed • 

2. TfS't AntulJ: Sotc1ts: rat; stratn: Spragu ... owley {Crl :COBS co (SO) 8Rl: 191: 30 da~ at "u1pt and 37 to 38 days u 1ntt1at1on; wetgnt (•an): 110-111 t for Ptt~~lts and 145-146 IJ for .. lts; sourct: Cftarlts ltver lreeiint Laboratories. Portage. 1111. Ant .. ls went accli .. ttd for 7 to I diY1. 
a. SIUPY pcstGI: 

1 
2 
3 
4 
5 

1. Ap1N1 Asstq,.nt: Ani~~als """ assigned randcaly to tftt following groups using a c~ttr-randoatzed progr.-: 

Control 
LOW (LDT) 
Mid low 
Mid (MOT) 
High (HOT) 

0 
10 
70 

500 
1000 

Chrontc 
Toxicity 
Subtroup 
M F 

20 
20 
20 
20 
20 

20 
20 
20 
20 
20 

70 
50 
50 
50 
70 

70 
50 
so 
50 
70 

tnttr11 5fcr1f1cts 
12 .,,. 13 .,,.a 
N # " F 

10 10 10 

10 10 10 10 

1Tbt chronic toxtctty an1 .. ts were pr1 .. r11y for cltntcal laboratory analyses. 
bTbtst rats rtct1v9d control dttts for 1 .aath prior to sacrtftct. · 

2. Qt!S Prtuntion: 01tts lllert PrtHred wtttly and presented to ant•ls vithtn 3 ctays of Pr'e!Mratton. Hollottnttt:,· and stabti1ty wre assaveca prtor to study tntttatton and dtets ..,,.. analyzed ..utly for conctntot1on of test cQIIpOunct. Tilt test Mttrtal ws also assayed MOnthly to dettrwtne tts stabtltty. 
!tsylts: Tht ttst .. ttr1a1 _.s stable tftrouthout the study: the •an (tZ SO) purttv was H.9t2.3 (rantt. t3.3-98.0) percent. Ha.ogtnetty was acceptable and the conctntratiOD of the ttst •tertal recovered fro. the d1tts aft•r 2 wets of storatt at lftlbtent ttt11Ptr1t11re ws trHttr than t2 percent. Mean concen­trations of tftt ttst 111terta 1 1n ctttts filr 25 tnterva 1s of analysts anct at 95 percent confidence 1ta1ts (t2 SO) wert 9.90t0.7t. 70.2t3.0. 503~19. anct 999t35 DPI for nominal ltvels of 10. 70. 500. and 1000 P~. rtspecttvtly. 

5 
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3. Ant•h received Purina Certtf1td Rodent Cflow No. 5002 (with or witho-ut test cQ~~Pouncl) and water It Hiatt•. An1•1s W~tre caC)ed tndtvtdually 1n ttt~~Mrature- •d bWitG1ty-contro11ed rooiiS where the afr was ftltend through HI£'A and charcoal • 
• 

· 4. SUt1st1cs: Body weight. food consUIIPtfon. c11ntca1 DatfloloC)Y. and 0"9ln wetght diU were analyzH by ~A and s1gn1ftcant d1fferences exaa1ned Dy Tukey•s (equal DODU1a'C1ons) or Scheffe's (unequal populations) tests for .. lttole ca.oarts~s. Non­
para•tr1c cllta """ analyzed by tbe tenask-11-wtllts test. Survival was exaa1ned by the eox-rarone cest using 11ft ta~les as well as by the nonoariMtrtc-rankH score ust of Gehln and Breslow for trend and heterogeneity. Graolatcal tvaluatton or survival was dtten.1nld by tea~lan-Ne1r oroduct-11a1t estt-.tes. 

Nonneoplast1c 1nc1dences were evaluated by t1111e Cochran-An~1t.lgt trend test lnd the Ftsher-Innn enct test vttb the 8onftrront adjuss..nt for stgntftcance 1ewe1 (P • 0.0514. 0.0125). 

Sou neoplasttc 1nc1dences wen analyzed by De Mthoel of D1nu and LaC)akos~ because of observiG intercurrent norta11ty dtfferences. Thts .. tbod allows de11n .. t1-. tbe effects of dose x age on prevalence; c011t1nu1ty correcttotas were apoHid. -wtaere aooroortate. adenoaas &lid carct.._s were celllb1ned (and 1ft soae cases ~YOtrolasta) for ..alysts; carc1naa.s alone were also evaluated. Analysts of ptt.ttary ~" ta f ... les coabtned adenoaa and carc1noaa. and botb orevalence and life-table analyses were oerfo~. 

5. A quality assurance stat ... nt ~s signed and d&%ed Apr11 29. 1986. 

C. M(THQOS AND RESUL!S: 

J. 

1. Oburvtt1ons: All ant•ls were ooservld twtce daily for 110rtt11ty. 110rb1d1ty. and overt toxtc signs: individual anf1111l s were exaatnld weekly and palpated for tissue -~ses. 

Rts,Jts: There was an tncrtase 1n tbe tnctdence of tissue .. sses 1n .-.les recetvtng 10. 500, or 1000 ooa (Table 1). Irr1tlb111ty 
was noted at an increased incidence in •ln rece1v1ng 500 PPM (n•22) and 1000 ppa (n•26) tllften COIIIINntd to controls (n•13). Other signs of toxicity wert taose coaaonly seen tn rats and were 
at a si•tlar tnctdence tn botft 4ostd and control groups. 

*rtl11ty and percent sun1v&1 at selected tatervals are swinl­rtzld tn Table 2. In •les. survival was tncreasld 1n a dose­
related 111nner (p <0.003. using tbe Cox Tarone test) and was 
s1gn1f1cantly higher 1n -.les rece~vt~ 1000 POa when comoarld to controls (p • 0.0055. using CM11"'W1se callptrhon). In contrast. 

Dinse. G. E. and Lagakos, s. w. (11983) ~egression analysts of tumor prevalence data, J. R. Stat. Soc. Str. 32:236-248. 
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TAIL.£ 1. PllpaDle Ttssue Mass Observations tn Rats Fed Atraz1ne for 2 Years 
... 
• !UIIItet gf !!1.1J wUD !!Ill 

!!II II Dill 1.1!1! iD•) 
!•lu LOCit1on 0 10 70 500 1000 0 10 70 500 1000 

Abclo.n 19 21 11 19 22 33 3ft 40 52 58 
Ax11la 0 1 0 0 0 2 3 6 9 9 
Chest 2 0 1 4 2 10 14 18 27 32 
Per1ano1 0 0 0 2 0 4 2 4 20 15 
Per1neu. 5 1 1 2 1 9 14 23 20 35 
Bact 6 4 5 8 1 2 2 3 2 12 
S1de 2 3 0 1 8 lt 21 31 38 47 
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TAIL£ z. Cuaultthl Morttltty 1nc1 l'wreent Survival• 1t Stltctld I(lterva1s tn Rats Fld Atraz1ne for 2 Yean 

• 
Dose Grout 

!!Rrlll1b U~I!SID!i lla2vlll l!i *•• 
(PIIII) 52 71 Te,.1nat1on 

!!t.ln. 
0 2 (97) 13 (13) 40 (44) 

10 3 (96) 11 (14) 37 (47) 

70 3 (!6) 10 (86) 31 (56) 

500 1 (99) 10 (86) 30 (57) 

1000 1 (99) 6 (94) ~3 (67) 

,.,, 
0 2 (97) 11 (14) 35 (50) 

10 5 (93) " (77) 3t (44) 

70 0(100) 12 (13) ~ (43) 

500 2 (97) 13 (11) 44 (37) 

1000 2 (97) 17 (76)' 52 (26) 

1 Pereent Surv1vt1 was based on 70 rats/sex/trout excttt for control .. les tn•71). 
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survival in feults wu dtcreasld in a dose-,..latecS 111nner, (P value for- 1 ntgltht trend • O.OOt6) 1nc1 WIS s1gniftuntlv lower {P·• 0.0042) 1n ft1gh-dost feM~lts when COMDired to controls. 

2. Qgfy Wltqnt: hts wert wightd WHicly for 13 wnts and 110nthly tht,..afttr. Body wt1gftts at schlduled sacr11'1cts were dtttnatned for fasted ant .. ls. 

3. 

4. 

Rts~lt~: Rtorestntat1vt body wetgnt data are s~r1:~ in ho e • Mean tlady weights wort ,_iqnH\cantly dtornnd 1n botn llli lu and fefll& hn recetv1ng 500 and 1000 ppa w1t11 tnt uctotton of tftt mtan wights of !lilts tn the lut 2 IIOftths of the study. Tftt 24-montn weight gatn tn the btgh-dost an11111s WIS 76 perctnt of control for tht llllts an-' 64.5 ptrctnt of cetttrol for tht flllllts. In Ute recovery grot•ps, tilt we1.gftt gatn for 110nth 13 feu· r.lllts previously rece1v1rtoi 1000 ppa wes 63~14.6 g, COIIOII"td to 20~17.9 g for- controls (p ~0.01), and for ftMles pe-ov1ously rtct1v1ng 1000 PPM 1t WIS 56~31.6 t. ca.pared to 16~11.9 g for controls (P ~0.01). However, tht .. an we1ght at 13 ~nths tn these llllts was st111 s1gn1ftcantly (p ~.01) lower thin controls. 
Food ConJympt1on and Compound Jnttkt: Consu.ptton was dtttna1ned and 1111n da1ly clttt consWIOt1on was calculattcl. Efficiency and c0110ound tntatt wert calculated fro~ tht cons-.at1on and body wetght gatn data. 

Rtsylts: Rtp,~entattvt food consQIOtion data are s~rtztd in TaDlt 4. Food cons-.atton values wert stgntftcantly dtcr-tasld in •1d· and high-dose 1111ts for tht first 13 ~ntbs. for tbt •td-dost f ... lts for the f1!"1t 12 wttks of tbt study, and for tbt h1gft-dost flllllts for ttle first 6 110nths. No stptftcant differences tn food consUIIIPttoe we" noted in rteovtry •1es or ftt11les during MOnth 13, altbougb thtrt were s1gn1f1cant •ncreasts tn weigftt g&1n tn 11111 and f-1• groups that had pnY1ously rtcthtd 1000 ppt~. Food tff1c1er.cy wts s1•11ar tn dosed and control groups. 

Opfttha1!91oqy: Ophtbalaologic txa.tnations were ~trformtd on control ana ft1gft-dou rats prior to study 1n1t1at1on. prior to sacrif'lce at 12 ar~ 13 ~ntfts, and prior to temtnal sacrifice.· 

RPcM]ts: r. .. )l"e wert no advtnt findings at the 1nttr1a sacri­fcts. The c,..nt., sttn at ttl"'l1na1 sacrifice. •11d terattth. n-.nscul;r~ ty, or cataracts. were considered due to ust of pMtf"td food. to ol"b1tl1 bletdtng. or to tg1ng. These finding occurf"td at a s 1811ar frequency tn control and l'l1gh-dose 111les &net f .. lts. 

5. 1109d PtrtMten: Blood was collected btfo" t"atMnt an1 at 3-.anth 1nttrvals for h..etology and c11n1cat ch .. istry analysis fro~~ all surviving ant111ls 1n tht chronic tox1c1ty subgroups ( tn1t1a11y 20/se~/group). It was also colltcttd fr011 10/sex 1n tftt control and higft-dost groups scfttclultcl far sacrif1ct it n and 13 months. The CHECKED (X) para..ttrs wert tx~1ntd. 
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fMLI J. ..._ ...., ... ,_.... at S.lec:tM ,......._,. ht ,..... ,_. Afl'aah• for 2 .,...., 

• Mil• lollu !flill!! Std» It ....,. 
DaM l.nel 

( ....... 0 " 26 n 101 

!l!a 
0 146tll.l 21~21.3 S12t44.2 637%6S.I 

~·-· M7tll0.7 ~11&.7 

10 141i,tJI.2 zm:l9.7 ,.IS&7.Z 61U71.2 ~-· 71St!JI • .S 739Stt0.5 

70 146tt7.6 20ttl9.0 516t&l.6 617Mi.O 71lta.6 77ft 97.2 7~ 91.1 

500 ,.,tii.O 199tl9.3" .tQSl9.9N ~ ..... Qft70.l" ,_,_ ... 
~119.& 

1000 •• ,tl7.2 1&ttl9.9" &16tl7.6" ~a.~ D&t52.1" 61ft ...... '~ 97.0" 

,_,_ 
0 llotll.l ,,.t .... l aJt27.2 3-.si.O ~.3 .t671: "-1 flltt05.7 

10 llltl2.1 I Btl, •• aBZS.Z 3211t-".7 ettl7.2 &1ft"·' •m•n-• 
70 llltll.] ISltiS.Z 2~.0 32&t31.1 ~7.2 &71t ••• ~106.1 

500 llltl2.& ·~til-~ 25Zt20 • .S .. Zlftl6 .... )QtQ.I" 371t 71.1" ~106 ... 

1000 llltl2.2 139tii.Z" u.tli.&M Z71t27 .... Dtll.l .. 
l&lt "··-

361~1.1-

.,igni fiCMi'ly cfl ff.,...,. ,.... .....,... ···- ~.czn. 
MSigniflantty «~Hf.,...,. f,. _...,.., •••• ~.on. 
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TA8LE 4. Food Consul0t1on Data at Selected 
Ftd Atrat1ne for 2 Years 

tnttrvals 1n Rats 
1ft 

• 
DJJlx !lin Food 'g"'Y!IS1gn (iltl~l 11 ~~t 

Dose uvel 
( ppat) 13 26 52 78 104 

!!IJ.u. 
0 22.2 27.2 27.1 26.7 24.5 22.2 

10 22.1 26.6 26.9 27.2 25.9 23.7 

70 21.4 26.1 26.2 26.6 24.1 22.9 

soo 19.7- 24.1- 24.6- 25.3 23.'1 22.1 
1000 17.7- 22.7- 23.4- 23.8- 2l.2 21.0 

F1!!11U 

0 17.5 18.1 19.7 20.7 18.8 18.1 
10 17.8 18.3 19.3 20.5 20.2 17.4 
70 i7 .9 18.0 19.6 20.0 19.8 17.3 

500 16.1- 11.0 19.1 20.0 17.9 18.1 

1000 14.4- 16.7- 18.4• 19.8 17.8 16.5 

•s1gn1ficantly d~fftrent ,,.. control value {P ~0.05). 
--s1gn1f1cantly d1fftrtnt Fr• c:cmtrol value (P ~.01). 
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a. H•tology 

l H ... tocr1t (HCT)t 
l H.-oglib1n (HGI)t 
X LtukOC¥tt count (WIC)t 
X Erythrocyte count (RBC)t 
X Platelet countt 
X Coagulat1on_t1~ 

X Leukocyte d1fftrtnttal count 
X Mean corpuscular HGI (MCH) 
X Mean corpuscular HGB concentration 

(MCHC) 
X Mean corpuscular vol~ (MCV) x Hetnz bodies 

Results: In females receiving 1000 PPM. significantly lower mean RIC. H68. and HCT were noted at 6. 12. and 18 months when compared to COfttrols (Table 5). The values were sGIUIIWtlit depressed tn rt1gh-4ose f._les at 24 months. however. cnly four fttMles were used for c11n1ca1 studies. RIC. ~:,;a. and HCT were also decreased tn the 10 f ... les receiving 1000 PPM and schedule~L.t~_sac.r.iUce----­at 12 110nths. The values _approachd-controTiiYels at 13 110nths ·tn · trae -,ooo-Pp;. ·-recovery group. All values for para~~eters tn dosed males were s1m11ar to those tn the control groups with the exception of an increased .. an platelet count at 6 months tn rats r"ecetving 1000 DPII· Increased platelet counts were also seen at 6 and 12 mantras tn f ... lts receiving 1000 PPM· 

b. Cltntcal Ch!!1strv 

Electrol:Jtt 
x Calc1• 
X Chlortctet 

MagnestUIIt 
x Phosphorust 
x Pottssta.-t 
X Sodt•t 

EnzV!!'s 
x Alkaline phosphatase 

Cholinesterase (RIC and 
se.--) 

Creattntne phosphok1naset 

Othtr 
x Albwatnt 

Blood creattntntt 
X Blooa urea nttrcgent (BUN) 
x Cholesterol? 
x Globulins and A/G ratio 
X Glucoset 
X Total b11trubtnt 
X Total protetnt 
X Tr1glycer1dts 

Lactic actd dehydrogenase 
x Serua alanine .. tnotransferase (also SGPT)t x Sera. aspartate .. tnotransferase {also SGOT)t x 61 ... g1usa.r1 transpepttdase (GGT) x Craattne praosphot1nase 

laylts: Tile level of serum tr1glyctr1d~s in btgll-dou •lts was. 1n general. lower than control v1lues tbrouthout tl'le study (Tible 6): however. tfte decrease WIS signtftcant only It 6 months. In groups scheduled for the 12-1110nth sacr1f1et. the level tn high-dose males (103.10~47.81 mg/dl) was significantly lower (p ~0.01) than tn control 111les (228.3~5.44 lllg/dL). At the 

tRecom.ended Dy Subd1vis~on F (October 1982) guidelines for chronic studies. 
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TABLE 5. Selected ~ter~~~tology Dati on Foaale Rats Ftd Atru1ne for 2 Years 

• 01tttrv level {QI!I) ParaMter/ 
Monthly Interval a 500 

Erythrocytes (106/.-3) 
7. lllt0.30 (20)1 3 7.66t0.41 f20J 6 7.43t0.39 (19) 7.11t0.33 20 

12 6.711t0.39 (19) 6.14t0.81 (18) 
18 7. 7h1.00 ( 17) 7.CMt0.63 (15) 
24 7.2«b:l. 21 (8) 6.111t1 .43 (6) 

-.remegloofft Cg/dL) 
16.33t0.59 (20) 16.23t0.66 (20) 3 

6 15.70t0.77 (20) 15.29t0.65 (20) 
12 13.5~.80 (19) 12.63t0.98 (18) 
18 14.1b1.64 (17) 13.19t1.22 (15) 
24 13.~1.62 (8) 12.12t2.01 (6) 

"-tocr1t (I) 
3 41.1b1.44 (20) 41.52t0.14 (20) 
6 3t.4b1.81 (20) 38.50t1 .so (20) 

12 112.CMt3.03 (19) 31.08t3.73 (11) 
18 42.tft4.87 (17) 3t.ltt3.40 (15) 
24 42.06t5.11 (8) 37.68t6.54 {6) 

*S1gn1f1cant1y different fro. control vtlue (P ~.05) • .. S1gn1f1cantly different f~ control vtlue (P ~.01). 

1000 

7.40ti».27 (20) 
6.84t0.41-(20) 
5.95~1.\3• (18) 
6.2~1.09-( 12) 
6.36t0.90 (4) 

15.16t0.59 (20) 
14.66t0.84 .. (20) 
12.15t2.1t• (18) 
12.13t1.86• (12) 
12.30t1.21 (4) 

40.2b1.58 (20) 
36.tlt2.1a--(20) 
37.53t6.73• (18) 
36.46t5.41• (12) 
31.08t3.35 (4) 

1The numbers of an1 .. 1s included in ctlculttion of the .. ,n tSD 1re g1ven in Plr@ntfteses. 
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• s.r.. Trll!wc:et '* l.m• c./ciJ It !!petft 
Do.. Level (.,..., 3 6 12 •• 

0 •• 37't 64. 16 IJJ.M •• D Z21.05ti<IS.16 210.12:!192.,. 141.~ n.D 
10 JO!J.19t 62.29 147.74't ••• l41.1QJOS •• m.mru.1• 120 ... ,. ... 

70 •.m "·"' 123.1St 14.11 251.32%1 •• 51 Z32.13ti4S ... ZII.S1~116.9S - 62.21t 14.G 11.Zit 66.M 171.1tt 51.32 171 •• "·'' 141.71: 61.90 

I CICIO 53.oot 14.36 "·"t ll.lz- II0.45t U •• ISS.GO! 59 •• 107 .et 62.45 

-sitnific:.rtly dlff......t ,,. Cllllltntl ••I• (p !O.O!J). 
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13-mcnth sacrifice. the trtglyctrfdt level was st•tlar tn control 11111es- and those that ft&d Drtvtous ly received 1000 PPII atraztne. In f._les, glucose ltvtls wert decreased (p <0.01) tn the ft1gb-dtse grous- at 3, 6, tnd 12 raonths when c-..areca to controls (Tibl'- 7). Other cft&nges tn cl1ntc11 ch•tstry IMr-ttrs occurred sporadtCilly in nigh-dose ant•ls and wert not considered cQe~~Dound relttM stnce thtrt wrt no IMUtrns consisten~ with dos• or t1~. 

6. Ur1na1vus: Ur1nt was collected fra. futed &JI1•1s (cftrontc tcx1c1ty groups) at 3. 6. 12, and 11 -.ntfts· and prior to ttm1natton. It was also collected fi"QQI ant•ls of the control and high-dose groups prtor to sacrtftce at 12 and 13 months. Tftt CHECKED (X) para•ters wert exMtned. 

X Appearancet X Slucoset X YolUMt X Ketonest X Spectftc gravttyt X 111trubtnt X pH X ·aJoodt 
X Sediment (m1croscop1c)t X Itt rate X Protetnt ··· X Urobtltnogen 

Rtsults: Urtnalysts data tn dosed sroups wrt c~rablt to control data and wtthtn the no,...l ranges. 

7. 5fcrif1ct and Pathology: All ant•ls tlllt died or wert sacrlftctd on schedule wert subject to gross patllologtcal exaatnatton and tftt CHECKED (X) ttssues wert collected for htstologtcal e~tna­tton. Tht <XXl orunJ tn &cldttton wnr wigh!!l. 
ptqest1vt syst!! 

Tongue 
X Slltvary glandst 
x Esophagust 
X StOMicbt 

(3 lrtiS) 
X DuodtnUIIt 
X Jejunu.t 
X lltUIIt 
X Cec•t 
X Colont 
X ltct•t 

XX Ltvert 
(2 sections) san bladdert 

X Pancreast 
R!$pf ratoN 

X Tracrtttf 
X Lung/bronchtt 

Ctrf1ovtsc./H!!1t· 
Aorta+ 

X lfftrtt 
x lone 111rrowt 
X LV~~Ph nodtSt 
X SOlttnt 
X na,.ust 

vrpgntttl 
XX Kidneys 
X Urinary bladdert 

XX TesttSt 
XX Ep1dtdya1des 
XX Prostate 
X s .. tntl vesicle 

XX OvarftS 
X Uterus/cervix 

Burolp1c 
XX lratn (3 levels) 
X Ptrtphtral nerves (sciate}t 
X Sptnal cord (3 ltvtls) x Pftuturyt 
X Eyest 

iltndultr 
XX Adnnalst 

Ltcrt•l gltnd x ..._ry glandt 
x Ptrathyrotdst xx ntyro1dst X. (f,.r) 
l and Ilona •rrowt 
X Skeletal •sclet 
X Sktn 
l Ktrderttn gltnds 
X All gross lesions and 

•asses 

tRecoaMtnded by Subd1vfs1on F (October 1982) guidelines for chronic studtes. 15 
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Interval 
(MOntft) 

3 

6 

12 

ub 

18 

24 

. 
TAB~£ 7. St~ Glucose ltvtls (Mg/dl) 1n Ftselt Rats 

Fed Atraz1nt for 2 Years 

• 
Post Ltvtl CpP!) 

0 1000 

13S.9St 14.91a 117 .2St 12.11• 

148.79t 15.31 129.79t 20.40-
1 27 • 16t 20. 52 103. SOt 2'2. 74• 

121.80t 14.82 99. lOt 19.32-

112.18t 29.75 104.00t 22.2S 

112.06t118.40 18.25t 20.01 

•S1gn1f1cant1y different fro. control value (p ~.05). 

1Mtan t standard dtv1at1on. 

006937 

bRats (10) froa tht oncogenicity grouo schtdultd for inttria sacrif1et. 
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ltSylts: 

1. jt''" wet gnu : The absolute . .,., 9ftt of 11 ver and 1c 1 dney in 
9ft-dose ~~~ales . sacr1f1ced at 12 110ntfts was stgntf1untly 

~P ~0.05) lower tnan controls. The .. an we1gftt of tfte ltver 
was 14.71t2.81 9 for the ratgft-dose group and 19.7~3.46 9 
for the controls; tne me1n wet9ftt of tfte kidneys was 
3.67t0.40 9 for htgb-dose •les, COIIIMred to 4.3tt0.58 9 for centro 1 s. 

At 24 110ntfts, tfte me•n absolute wt9ftts of' lher and kidney 
tn h19h-dose males were lower than tftose of controls, but the 
diiCrttse was not s'tlt1sttca11y s 1gn1f1cant. There were no 
other changes tn absolute organ wet9bts of males and f ... lts. 

There were several increaus 1n OrcJan-to-body wetgnt ratios 1n l'ltgh-dose animals that were· significant (P ~0.05) wnen 
coapared to controls Dut they were not accGMP~nted Dy cl'langes 
tn absolute organ wet9ftts. These changes were the result of 
decreased bOdy we1grtts. At 12 110ntt1s, tfte OrcJan-to-body 
we1gnt rat1os for brain and kidney were tncreased tn ftigft-dose 
males; at 13 .anths, the rattos for bratn, kidney, and testts 
were increased and at 24 .,.tl'ls tile ratios for brah' and teste$ were increased 1n lligl'l-dose .. les. In lltgn-dose 
t ... llf'l, the organ-to-ttody weight ratios for ld,._na1. bratn. 
kidney. and 11ver were increased at 12 and 24 •ntlls. Tbere 
was ,." increase tn t:1e ovary-to-body weigbt ruto at 13 
110ntl'ls tn the recovery group that llad prev1ou'S1y receivGd 
1000 Pl1f'· 

b. Gross Ptthqlogy: For 110U organs the.-. were .,ery ftv gr~ss 
abno,.ltttes noted at necropsy. There wre no i'loUDle 
abno,...11t1es at the 12- and 13~ntb 1nter1• sacrifices when 
high-dose rats were COIIPired to controls. In tite ~e1n study. 
tftero was an increased incidence of abnon~al pelvic contents 
1n the k1dn~ of 1'11gft-dose taltS (10/lS) ~n COIIOired to 
controls (4167). In f ... les. tllere were sc:~e 1ncreues 1n 
tile inctd•<~ct of masses 1n the aiiCIGa1nal. thoracic. and 
axillary r~tons 1n rats receiving 70. 500. and 1000 psa- when 
cQIIPired '!;~ controls. Correlation of gross tnd •tcroscoptc 
f1ncl1nts 1n.a1cated that 110st of the •sses were 11111111ry 
ta.on. Masses found on weekly palpat1ons were correlated 
w1tft tross finding for all 1nd1v1dua1 .. les and all 1'11gft-dose r ... lts. An excellent correlation was found (see D1scuss~on). 

c. M1 croscrzt~ S Pttllo 1 ogx: 

1. 'gnneqplasttc: A suftlllry of selected nonneoplastic 
esions h presented 1n Table 8. S.Vertl proliferative 

lesions occurred w1th increased frequency in atru1ne­
dosed rats. Acinar l'lyperp1as1a of the ._ry gltnd and. 
ep1tfte11a1 llyperp1ts1a of tl'le prostate were increased 1n 
l'ftlles receiving 1000 psa- wften coapartd to contr"'ls. In 
fet~~le! receiv1ng 500 or 1000 psa- t!tere WIS an increased 
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T~L .......... _.lc Lesi ... I• ...._ , .. MP•I• fOJr 2 , ..... 

:r, ru .. - ..._, s• 
• 

!!II a '••• Orpll/,t IMII"' 0 10 JQ - 1000 0 10 10 - roao 

!!_.-, ''" 
Olllb <") (61) (6Q (65) CM) <610 <• (61) (.M) 

AciNr layperpl•i• 7 5 7 21 .. r 0 0 0 0 0 ...... ,_,. (65) (63) (67) (17) (61) (II) (65) (69) (65) (.M) 

Mwoeloi~ ""*"'•'• zs ,., 21 21 27 Z5 u 24 .. '2"r 
.... !!1!: •• ,.,.. (15) ., (11) (61) CMJ ., (65) (It) (61) (.M) 

Mwoeloi ~ t\WMPI• ie lS a 21 27 2t 21 21 20 ss- _.nT 

klB1 (15) (65) (61) (67) (67) (67) (15) (69) <el (65) &h-_.1 lery ts.etqaol .. ls 6 10 14 9 ' 12 14 •• zz- ll"r 
!lDx ct5) (65) (61) (67) (67) (II) (8) ,.., (61) (8) 

'-l•lc c:.lcull ,, 16 II 11 ,, .. r 57 52 57 B --IUcro alcull :s , :s 7 • :s 0 0 s 2 lfW!erpl-ie, tr~~t~~ltiGMI 
... iitaell• , • 12 13 IS 17 10 ,.. 

" 31" 

Urlwy Ill! 11 r (15) (tS) (11) (67) (61) (61) (65) (8) (61) (M) lfW!erpl•ie, tr~~t~~itiGMI ... , ....... " 2 ' l ' " 0 :s io-
Pr11tm ., (6]) ,.., (67) CMJ 

(pitt..llel ..,._.,, .. ,. 12 16 II 17 ZIMT 

--=·· !FiU ,_il CMJ (15) (67) (f6) (61) (67) (IS) (8) , .. , , .. , 
DetiMr.tiOII 6 7 7 10 ..,r ' 4 ' • . n•r 

la (15) (15) (67) (67) (61) CMJ (65) (8). (65) (8) 
""-i'INI ...... .ti• 2 2 ' ' 7 12 t IS II u-r 

!a.i..!E (15) ., (61) (67) C67J (II) (GIJ) (It) (61) (65) Cenft'olobuler _._,. 6 ) I 2 2 :s :s I " 12" 

.,ftCiudn -~-·· ......... uc:rifl• eM1 tt1ose ttaet 41ed w..,.. uc:rifiCIM .,.;...._.. f,_ .-ttl 13 too s~ twllti Nf'i 011. 

ltl'he IIUIIMr of tissues ... ined is ti"" in .,.,........._.. 

-sitnificani'ly 4iff•ren+ ~ ... CIPJIII'h'ol inci..._ Cp ~.051. 
--sitnificani'ly cUffet'8111' ,,_ Qllll'trol inci..._ Cp ~.on. 
T 
~tositi• ~,.._ tnnd <p ~.on. 
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tnctdenc. of myeloid l'lyperpluta tn tilt bone 111rrow of both the ftfiiUr and sttrnua. It was reported that tfte bone 1111rrow changes. as well as an increase tn extra-"' lledullary hetllltopotesh tn the sp1Mn. wert sequellae • related to mamn.ry ftbroaden~s and adenocarctna.as. The 111!felotd hyperplasia ..,.s characterized by a decrease tn the nUIOtr of fa~ cells tn the marrow and an tncrease tn hlflltouo1et1c tissue. particularly ce11s of the granulocytic series. In females receiving 1000 ppm. 
there wu aho an 1ncreasl<l tnc:1dtnce cf hypo'1Jluh of tfte transitional eptthe11wa of both the kidney CD <0.01) and urinary bladder (II >0.05). The tnc1dence of calcu11 tn the renal pelwts tn htgft-dose 111les was increased 
cQ~~CMred to controls. Muscle degeaeratton (ftiiOr,.l .....,scle) was found tn both high-dose 111les and ftN1es. Rtt1na1 degeneration was tncreastd in both dosed 111les and flftllles; the tnctdence being stgntftcantly (II ~.05) htgfter tn th• high-dose f.-les than in controls. In htgft-dost ftlllles uere ..,.s an increase in coagulative centrolobular necrosis in the lher. Thert was a slight increase tn chrontc podode,.titts tn f ... les recetvtng 500 and 1000 Pill (11-llS) when CQIIOand to controls (1S) 
bu~ tile tnc1denet ws IIUch 1CN~r than tn •11 g...Oucas of · 11111s tncludtng con~rols (3G-3tS). 

2. NtopltJt1c: Tlblt t s.-rtzes tile neopl1sttc lesions found tn rats that died froll .nth 13·24 or were s~crt­ftced 1t ttr'lll1nat1on. There WIS an increased incidence of --ry 1dtnoc1rc1n~ 1n f-les receiving 70. soo. or 1000 POll nrazine and tn increase tn ftbroaden.a in high-dose f ... les. Several f ... les had IU1t1ple ...-.ry twmrs. There was the an increase in ldenoctrc1nca~ in htgft-dcse f ... les a~ the 12- and 13-.onth sacrifices (Table 10). Stathttctl analysts by the report tuttlors included all an1~1s on study and used ltfe-ttblt 1nalys1s 1nd pa1rv1se cQ~~~~Mrtson vttta the Cox-Ttrone test Ind. 6tftan-lres1ov test. Thes• results an included 1n T1blt 10. There we,.. stattsttctlly stgntftcant tncreases (p <0.05) tn carctiiCiiSis for f-l•s receiving 70. soo. lnd 1000 POll 1traz1ne. in tdtnOMs lnd f1broadena.as for f .. les receiving 1000 PPII. and tn total .... ry tUMOrs tn f .. les recetv1ng 500 tftd 1000 ptlll. There wr• s1gntf1ctnt (P <0.00005) positive dose trends for all tllree categories (strcOflls. f1broadenOMs plus tden0111s. and t11 ,...ry twaors). 

0. SIUOY !UTHORS' CQ!CLUSIONS: 

Atru1ne wts oncogenic 1n ftn~~le CD Sprague-Otwley rats. There were increased incidences of mannary carc1n~s It 70. 500. and 1000 pea-. a 11 ..-ry tUIIOrs at 500 and 1000 PPII. 1nd of .._ry tdenON and fibroadenOMa at 1000 p~. Survivtl was s1gntf1car.tly tltgber tn ~les 
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TMU 9. .._.1.-?lc L"ioea ift ..._ ,., Mrul,.. ,.,. z y..,..a 

~ 

• l•.t- tm! Sll!! 

!!I'& '•'• ~· ... 0 IG 10 - I GOD 0 10 iO 500 IOClG 

bi.!\ (65)~ (8) (67) (67) (67) cam (65) (69) (65) (65) 011 ;'lallll arci,... J I I 0 I 2 I l I 7 ...... ,.._ I 0 0 0 2 0 0 0 0 0 

(65) (65) (67) (67) (67) cam (65) (69) (65) (65) II 9 4 ' ' I 2 2 J 4 

' 0 0 0 ' ' 6 4 J 

lti:£1itwv (59) (61) em (M) (Q) cam (6J) (tl) (65) (63) Ou ............ 22 22 8 24 17 47 41 49 47 J5 Ott~ carci,_ ' 7 • 7 4 9 6 9 14 IJ 

Tttwr~~tisl (63) (65) C67l (67) (67) cam (65) (69) (65) (65) C...ll ..... 12 , • Zl 9 •· 10 6 ' ' C...ll arci,_ 2 4 2 :s J 0 0 I I Q ,oil iCIIh~ cell ...... ' .. 2 ' I 0 0 

(8) (8) (67) (67) (67) !- (8) (69) (65) (65) 
0 0 ' 0 2 G 0 0 0 0 

u.:s (65) (8) (67) (67) (67) (II) ce:t (69) (65) (65) ..... tcac:.lluJ.,. c.wci,_ 4 ' 0 I 2 0 I I 0 0 Moewtoc:el lui• ......_. 0 0 2 l 2 0 ,_. ... 
(61) em H67l \.17) (67) (67) (65) (651) (65) (65) Islet' cell ......... 4 ' 4 2 ! l 0 l I 0 Islet' cell arci,_ I l 2 0 ' 2 0 0 

!a1LI. C8) (8) <67) (67) (67) 
IRtwsf'i'tial cell ,_. I l 2 2 7 

!!!!!:& (67) (65) (61) (Q) (65) (tl fl trial ....,._, ,.,,., 
4 6 J 0 ] 

(~ift\le4) 

•n.is t-.tetlon itteludlts 4fti•l• s...crifiCIM et ,.....IRetl• or fCIUftll 4INd or MCrffiCIM _.illuncl ~ IJ ~ .... ~"had¥ ~Retl ... Stathrtial IIO'tdi ... ar. IIO't i~~el-.. ia ttals ftltle si-=e fte •tt~ors• ... lysis ittCIIKIM •i•ts MCrifiCIM at' 12 IN IS ......... 

111
111e........,. of tis-. _i,_, is ift l*•tflll .... 
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r.a t: ..... ,_., • ._.., .... '" ...._ ,_, Atrul• for z ,..,.,• U:.tl.._. 

.. 
• Qi!+tn l,ml !W' 

!I !.a fB!a 
~··- 0 10 70 500 I COO 0 10 70 - lOCIO 

._.a 111!151 (!51) ,, (61) (it) (65) (66) ( .. J (61) (65) (64) AdlnocMCI ~~c.. 0 I 0 0 I IS IS 2li 27 " F iiii'O I * 1101111 I I I I 0 2t a " • q 
~ 0 0 0 I I I 0 I I 2 C.Ci ,. .. :zn 0 0 0 0 0 0 0 0 0 2 

a.i.a (4) (6) (]) en (6) ........... ~ I J 0 2 z 0 0 2 0 I &.I,.. z 0 0 0 0 I 0 0 0 0 Fibrale 0 0 0 0 J 0 0 0 0 0 Tr"ldlollpltNII-. 0 0 0 2 0 0 0 0 0 0 

!!Ia z,.., ••• c:Mei ..... z 0 J 0 0 0 0 

(C.Ciudld) 

•This tllllllllatiGII IIICh ... S •i•ls ucrlflalll at ftnlilletl01t _. to..e ... or ucrifiCIM _.iiiiM beftleeft IS lllr!II1'M 4llld ~ -.illatle~~t. St.tiS'tlcel ,...., .... we liO't i~~eludM 111 tills ._..,. si~~Ge tt1e ~· -.lysis IIICII!dM •l•ls MCriflced at 12 .... IS ..,tM. 

It 
The........,. of till_.. -.-iMd is Ia ••""'••· 
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TAIU 10; *-'Y T..-rs in F ... lt lats Feci Atnztne for 2 Yet" 

• Qcst Uul Cwl 

0 10 70 500 

12:mpntn stcr1ffct{dtttns and !Otibypd stcr1f1cts at Q-13 !Ontbl 
No. tissues txt•intd 
Adenourctn-. 
F1broaden0111 

13-mgntn stcriftct 

No. tissues ex,.1ntd 
Adenocarc1n0111 
F1brotdtnOtM 

12 
0 
0 

10 
0 
0 

5 
1 
0 

1 
1 
1 

5 
0 
1 

TJC!l!ll Jlsrtrtstli!ISbl IDi mgrt~yn~ 11St1f1SII IS lJ:Z! !IDSbl 
No. tissues exa.1ntd 66 " No. rtts--adenoctrc1n0111 and 

carc1nosarcoaa 15 15 
No. of tdt:tocarctnoaas 17 22 
No. rtts--f1brotdenoaa 29 29 
No. of fibroadena.as 37 46 
Ma.._ry tu.or-betr1ng rtts 35 39 

All iQ1mglJ 2ft 11~ 

No. of tissues 88 " carctn0111s 15 16 
Adeno.es tnd fibrotdeda.ts 29 Zj 
All tUIIOCS 35 40 

IZ YllY'Ib 
Care na.as--cox-Ttront 

--Geftan Ins 1 ow 

Adena.~s and f1brotdtnOMts--Cox-Ttront 

All tumors--cox-Ttront 
--Gtftan-lnslow 

'values differ fro. tftost tn ftnal report by 1. 
blife-taDlt analysts. pairwise comparison. 

22 

68 i5 

26 27 
42 41 
35 31 
48 81 
47 41 

6t 70 
27 27 
36 39 
41 41 

0.0454 0.0071 
O.OHO 0.0016 

0.0685 

0.0071 
0.0050 

1000 

15 
3 
1 

10 
5 
2 

651 

37 

" 42 

" 561 

89 
45 
46 
65 

<0.00005 
<0.00005 

0.0004 

<0.00005 
<0.00005 
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ATRAZINE 080803 

Page~ is not included in this copy. 

Pages _____ through _____ are not included. 

The material not included contains the following type of 
information: 

Identity of product inert ingredients. 

Identity of product impurities. 

Description of the product manufacturing process. 

Description of quality control procedures. 

Identity of the source of product ingredients. 

Sales or other commercial/financial information. 

A draft product label. 

The product confidential statement of fo~ula. 

Information about a pending registration action. 

)C FIFRA registration data. 

The document is a duplicate of page(s) 

The document is not responsive to the request. 

The information not included is generally considered confidential 
by product registrants. If you have any questions, please contact 
the individual who prepared the response to your request. 
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006718 
Reviewed by:· s~orc! w. Biqelow, Ph.D. , '!fJ;/ :j; f-v'o6937 section vx, Toxi:oloqy Branch (TS•7S9C) 'l ' oJ Seconclar:y reviewer: Judith w. Hau.vi%'1:h, Ph.D. Section Vl:, ?oxicoloqy Branch (TS•7S9C) 'J.; «k. W· ~, · 4 .,"""_.c.~ .. 

·'JI.t/frll' 

I. spiOIM.X: 

STqDY TXPi: oncogenicity - mou.e (83-2) 
ACCiSSXQH NQMBIB: 
TEST WERIAL: AtraaiDe 

c;ywrt.L 10: S3 

KBJP NQ.: 404313-02 

SXNQNXMS: 2-Chloro-4 ~ethyloino-s-isopropyluaino-a-triaaine 
~TYPY NYMBtR: 842120 

SPQJISOft: CIBA-GEIGY CQrp., Aqricultural Division, P.O. Box 11300 Greensboro, N'C 27419 ThOlll&S Panhley, bqulatory Specialist (919) 292-7100 X7207 
TESTINg FACILITX: Division of Toxiccloqy/P&tholoqy, Ciba-Geiqy Corp., SWIDlit, NJ 07901 
TITLE OF UPORT: AtraaiDa - technical~ 91-weelc oral carcinogenicity study in aice. 
AUTHORS: J.R. Hazelette, Ph.D. and J.D. Green, Ph.D. 
REPORT ISSt.TEO: October 30, 1987 

CQIJCWSIOJfS: Atruine vaa not oncoc;enic to the CD-1 strain of mouse under the coaditiona of this assay. 
HOBL • 300 psa (45.0 -.g'/kcJ) LU. • 1500 Psa (225.0 -.g'/k.CJ) baaed upon the effects fOW'ld. in male and f-1• aice. 'rbe NOEL and the t.EL were deterainecl on the follovinq baa... The LEL of 1500 ppa vaa baaecl upon decreases of 23.5- and 1l.Ot in mean body weight qain found at 91 weeks in mala and female mice, respectively. Also, an increase in the incidence of cardiac thrombi vas found in feaale mice in the 1500 ppa exposure qroup. Hone of the above effects were found at 300 ppm, thus the NOEL for atrazine in mice vas set at 300 ppm. 
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At the hiqheat exposure level, 3000 ppa, atrazine exposure 
in both ••x•• of aie• caused: 

1) a deer•••• in the ••an body weiqht qain at 12 and 91 
weeJca, 

2) a deer•••• in food consumption rates, 

3) an increase in the incidence of cardiac thrombi, 

4) a d~creaae in erythrocyte count, h .. oqlobin 
concentration and heaatocrit, and 

in teaale mice only, atrazine exposure caused: 

1) an increase in aortality, 

2) a decrease in maan brain and kiclney weiqhts, aDd 

3) decreased percentages of neutrophil• and lymphocytes. 

C1aaaiticatign: core-guideline: This claaai~ication is 
based. on the tact that the .. thod.oloqy requiraenta established. 
in the Pesticide Aw••••••nt Guidelines, Subdivision P 183-2 have 
been satisfied.. 
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n. IIATI!PI§: 
006937 

• 
A. Ttst: ComPound: atraz ina 

B. 

Description: atrazine. technical-grade 
Batch t: 841802. 
PUrity: The purity o~ atrazine used in this study was 
not given. 

Test A,nima1s: · 

Species: Mouse 
Strain: CD•1 [Cr1: CDl (ICR) BR] 
Aqe: about 5 uaelca 
Weight (mean, in qruus): teaa1ea: 

(at week 0) aal.ea: 
source: Char1- River Laboratories, 

21.0 ± <20t 
26.8 ± <20t 
lU.nqston, NY 

m. STUPY QISXGJf: 

A. AniM1 Asaiqmgnt: 

Aniaa1s were asa~ed randomly to the to11owtnq teat 
groups: 

Test 
Group 

1 Control 
2 Low1 (LD'l'l) 

3 Low2 (LD'1'2) 
4 Midl. (IID'r1) 

5 HiCJJl (BD'r) 

~lel. 
An.bal. Aaai~t ill this Study 

Do- in 
cU.et 

Cppwl 

l.O 

300 
1500 

3COO 

Main study 
91 veelca 

M1e 

59 
60 

60 
60 

58 

tn•1e 

60 
59 

60 
60 

60 

t.aast DWiber 
o~ treataent 

yeW 

91 
91 

91 
91 

91 

Upon arrival troa Cbar1es River Laboratories, all aice were 
quarantined tor 2 v.eks for observation prior to initiation 
of atrazine exposure. Atrazine ~eedinCJ started October 31, 
1984 and ended August 22, 1986. 

151 



006937 

4 

8. Diet Pr•paration: 
• 

The diet containinq atrazine was preparad within 2 
weeks be~ore initial atrazine exposure and thereafter, 
about. every 3 weeks. Every lot of feed containing 
atrazine was U.ed within 3 weeks of preparation. The feed 
was stored at room temperature, and on several occasions, 
at r•frigerated temperatures. The feed was analyaed tor 
concentration and/or homoqeneity on veeka 5, 9, 13, 17, 21, 
29, 33, 37, 41, 45, 49, 60, 68, 76, 84, 92 and 94. This 
analysis was performed in the Toxicoloqy/Patholoqy 
Administration and Technical Operations Section (of Ciba­
Geiqy in Summit, NJ) prior to use. 

Analytical results: These admixtures wore reported to be 
stable for at least 40 days at room temperature. 
~~alytical results state that storage at rooa temperature 
caused less than lOt variation in the stability, 
homogeneity or concentration ot atrazine in the laboratory 
chow. 

The drinking water (tap water) vas analyzed 
periodically according to the standard operating procedure 
of the Safety Evaluation Facility and was found to contain 
no detectable levels of contaminants. 

[eldinq schedule: Animals received food (called Certified 
Purina Rodent Chow 15002) and water Ad libityp throughout 
the 91 week study. 

c. Statistics: 

The following statistical procedures vera utilized in 
analyzinq the numerical data: 

The Barlett's test was conducted for determining 
homogeneity in variances (presence of a noraal 
distribution) between treatment groups. If the variance 
was found to be similar between groups by the above ta&ts, 
Dunnett'• testa were conducted to coapare values of the 
control and treatment groups. 

When outliers (or hateroqaneous variances between 
qroups) were identified, supplemental statistical analyses 
were per~ormed. Examples of these suppl .. ental statistical 
analyses were: (1) the use of an appropriate 
transforaation of the data or (2) nonparaaetric tests. In 
addition, several test results that are known not to be 
distributed normally were analyzed with the use of 
nonparametric tests. 
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conceminCJ the patltology data nta, if their saaple 
size v• founcl adequate, thetl!e data van analyzed for each 
sex by the Fisher•• exact test. TUaor inc:ideacea vera 
analyzed by a tiae•adjuated analysis by teto•s aetbcd. 
Statistical differenc.. for survival curves betvaeft 
·-reataent groups for each sex v.re ea.in.ct by the ase of 
the following statistical aethocla: (1) tho tenenli.zfl<l 
W1lcoxon test for eqgality, (Z) the Nafttel-cox logzafik test 
equality and test tor linear~. (3) nonpu:aaatri.c tasts 
and (4) Kaplan-Meier eetiaates. 

o. Quality A•aunnce: 

A siqned qaality assurance stat..ant vas provided by a 
quality assurance inspector. AccordiNJ to the stat..ent., 
the study was audited sixteen (le) ttDaa durtD; the course 
of the study. 

153 



rv. AiiiUMI NIP BISJlLTJ: 
• 

A. Clinical Qbteryations: 

Animals were inspected twice daily for mortality and 
once daily for general appearance, behavior and excreta. 

Viral screens were performed on 6 male and 6 tamale 
mice taken randomly from the colony 2 weeks be~ore 
atrazine feeding began. ~· presence of the following 
viruses were checked: minute virus, pneumonia virus, 
reovirus (type 3), hepatitis virus, K virus, 111Urine 
encephalomyelitis virus, Senclai virus, lymphocytic 
choriomeningitis virua, adenovirus, ectromelia virus, 
polyoma virus and mycopla ... pulmonis. 

Toxicity/mortality cauryiyall results: A total of 301 of 
the 596 mica used in the study died. Fer feaale mica ted 
3000 ppm atrazine, there vas a statistically aiqnificant 
decrease in survival whereas tor males, atrazine exposure 
~ad no statistically siqni~icant affect on survival. 

Tab1e 2 
S•mwary o~ Kortality 

(taken from p. 41) 

sex: Mll•l [Dill I 
Group t: 1 2 3 4 5 1 2 3 4 5 

Dose (ppm): 0 10 300 1500 3000 
5ab 

0 10 300 1500 3000 
• of mica: 59 a 60 60 60 60 594 60 60 

Reason tor sacritic1: 

Found dead: 20 18 16 18 17 27 32 27 29 

Sacrificed moribund: 4 9c 8 3 6 7 4 7 4 

Terminal sacrifice: 35 33 36 39 35 26 23 26 27 

' survival at ~= 59 55 60 65 60 43 39 43 45 

a rwc mica were delated due to misidentification. 
b rwo mics in group 5 (3000 ppm) were mis-saxed, and therefore their 

data results were deleted fraa reporting. 

60 

39 

6 

15 

25d 

c one mous4 in Group 2 (10 ppm) escaped trom its cage and was sacrificed. 
d p < 0.05, qenerated from a survival analysis with the use of 

Mantel-Cox Loqrank test. 
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elinical Besul;s: There were no treatment-related clinical 
signa observed durinq the atudy. e11nic:al siqna moat 
tre~ently observed were: lesions, a1opecia, acaba, 
perineal stains, tur staina and deraatitis in all qroupa ot 
mice. No treatment-related changes 1n the incidence ot 
palpable masses occurred durinq the study. 

B. Body weight: · 

All animals were weiqhed weekly tor weeki 1-12, 
biweekly durinq weeks 14•25, and at 4 week interval• 
thereafter. 

Results: Do~e-related reductions were observed at weeks 12 
and 91 in mean body weiqht qain (eitber t decreaae or 
t qain) in both sexes ot aice vbo wezoe expoaecl to chow 
containinq 1500 ppm or 3000 ppa atrazine. 'fable 3 ahova 
the chanqes in mean body weiqht qain at weeka 12 and 91 in 
mice ted atrazine. At week 12 .. les exhibited deer••••• ot 
l4.2t and 10.4t in mean body weiqht gain in the 10 ppa and 
300 ppm exposure qroups, reapactivel.y. This ettect appears 
to be transient in nature becawae it is not observed at 91. 
weeks at the aame maqnitude. 
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Dose gi~D (g} -~ i ii~n15 

c;al c:~c:rual 
al-

0 10.& D 39.1 

10 9.~ l.4.2 371.1 

300 9.5 l.0.4 35 .. 1 

1500 7.~ 33.0 25 .. 7c:l 

3000 5.3 -40.5 u .. 8c:l 

.. 
••• 1:1. 

b.iD (Sil t Dec:rease& 
(iftercaaa•l 

11.5 HA 

13.3 (15.5) 

10.4 9.6 

8.8 23.5 

8.7 24.4 

006937 
\J06718 

i ;,J.nzs 

43.7 

49.4 

39.5 

32.9c 

33.1C 
---~--------.-.-...._...._ --------- ~-----------------~---------~~--~ • ·1-
0 9. Jl. D 431 .. 7 13.6 HA 58.8 

10 9.3 (2.2) 4-& .. 5 13.0 4.4 64.5 

300 8.5 6.5 4G .. 5 12.6 7.4 54.1 

1500 7.5 .l.4. 3 37J.9C 12.1 11.0 51.7 

3000 8.0 J.2.1 l7J.6C 7.0 48.5 33.Jd 

a The revi~ cal.nnlatecliMidy -=lght gain by the tollovinfJ ton.ula: 

t Dec:r8&M • J.OO - ft'l ""'Y night aaiD Chatj smmpl X 100 ( inc:r8&M) .._ llocly weight gain (control) 

where: Mean body veSgbt pJa • badly weight (g) tor vk 12 (or vk 91) -
bocty weight (g) tor vk 0 

b The authozw ot tlila ablay calcallatect t bocSy veitht gain by the 
follow~ t~: 

t GaUl • 1gctr wipttt Cn$ l.2 or 911 x 100 
BIDcly wifJilt ~ O) 

c p • ~0.05 and c:l p • ~0.01, ab;ftiticantly c:litterent froa control 
qroup when c:c:.parecl a:.y the ... ~ the tvo-tailect Dmmett t•test 
pertoraec:l on t:be raw data. 
NA • Not appl1cable 
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c. Fogd consumption and compound intakt: • 

006937 
006718 ·-

Food consumption was determined in all aniaals on a weekly basis during weeks 1•12, biweekly during weeks 14•25 and at 4 week intervals thereafter. Mean daily diet consumption were calculate~ from these data. The intake of atrazine was calculated and is reported below. Efficiency and atrazine intake were calculated from the consumption and body weight qain data. 
Water consumption was measured in all animals on weeks 1, 2, 52, 53, 90 and 91. [Subdivision P (183-2, section 7 part vi) states that water consumption should be aonitored weekly during the first 13 weeks of a study and then at 4 week intervals thereafter (p. 121).] 

Food consumption resyl~: Treatment-related reductions in mean food consumption were observed in Group 4 males (1500 ppm) and Group 5 males and females (3000 ppa). Statistically significant reductions in mean water intake were noted primarily in mice fed 1500 or 3000 ppa atrazine. Reductions in mean food consumption correlated with similar reductions in mean body weight and ..an body veiqht gain. These reduction vere sporadic (occurred only in certain weeks during the study) and were not related to the dose of atrazine. No statistically siqnificant reductions in mean food consumption were seen in mice fed chow con~aininq 10 ppm atrazine. 

Males: 
g~::gyp I 2 

3 
4 
5 

Table 4 
Dietary Intake of Atra&ine 

(taken from p. 19) 

Dietary Mean Daily 
~gas;;ant~ltl!:!D C!21• (JISllUla 

10 1.4 
300 38.4 

1500 194.0 
3000 385.7 

Range 
(JISilUlsiU) 

1.2 - 2.0 
35.7 - 58.3 

184.3 - 293.3 
364.3 - 541.6 

--~~--------------------------------------~------------~----F-les: 
g~::oup I l 

3 
4 
5 

10 
300 

lSOO 
3000 

1.6 
47.9 

246.9 
482.7 

1.4 - 2.3 
41.1 - 73.1 

215.9 - 363.3 
420.8 - 660.6 

a The group mean daily dose was calculated for each study 
week as follows: 
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Group Mean Dally • 
Cose (mq/lcJ) 

10 

Group Mean Food consumption x Atrazine 
Cq/mgpat/4ayl Cgnc. Cwptkql 

Mean Group Mid-Period Body Weiqht (g) 

conclusion: on the basis ot a daily dose ot mq/kq, female 
mice ted 300, 1500, or 3000 ppm atrazina received &bout a 
25t higher daily dose of atrazine than male mica in the 
corresponding exposure qroup. 

c. Ophtha1acloqigl expinatiqn: 

Ophthalmological examinations vera performed prior to 
the study on all male and all feaale rats on weeks 2&, 52, 
78 and 90. 

Results and conclusions: No traataent•relata4 ophthalaic 
chang.. were observed. d.urinq this study. corneal opacities 
and lenticular cataracts were the .oat frequent 
observations and occurred with s~lar incidence in both 
control and treated groups of mice <••• table below). Kost 
animals with ocular chanqea noted early in the study (i.e., 
examined at weeks 26 or 52) had no ocular chanqas when 
examined at weeks 78 and 90. 

lli.ble 5 
Snww•ry Zncid.erac:e o~ OCUlar Pincli.Dga at 90 W..U 

(taken from p. 2709) 

Sax: KAlil , .. , .. 
Group t: 1 2 3 4 5 l. 2 3 ' 5 Dose (ppm): 0• 10 300 1500 3000 0 10 300 1500 3000 

t of mice: 38 36 37 43 37 28 25 27 31 15 

Q~YlA~ £1nginall 
cornea: opacity 14 9 10 17 12 9 9 4 10 2 Lens: catract 22 17 20 17 24 23 18 24 25 15 
Adnexa: 

blepharitis 2 3 3 2 3 
Iris: 

ectopic pupil 1 1 l 2 
f..'l~bilil gylJ2L 1 
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E. ;;gatglogy: 
• 

11 
J067ie 

006937 
Blood vas ~ollectad froa all animals on daya J6l, 544 and 639 for hematoloqy and clinical analysis froa all animals. Blood smears were obtained durinq weeks 52 and 78 from the tirst 20 ani~als for each sex in ~~e 0 ppm and 3000 ppm atrazine ~roups. In addition, a~l animals who diad or who were sacri~iced in moribund conditon had ~lood SJMars taken. The CHEcta!D (X} paraaetars were exaained. 

!XI Hematocrit (HCT)• lXI Heaoqlobin (Hb)* 1 Xi Leukocyte count (WBC:) • 1 X! .Erythrocyte count (RBC) • 
1 1 Platelet count•• I 1 Platelatcrit 1 1 Platelet dist. width 

Blgod clgttinq msrmts. (Thromboplastin time) (Clottinq tiJae) 
(Prothrombin time) 

I X I Leukocyte difterentia.l count• I I Mean corpuscular Hb (HCH) 1 XI Mean corpuscular Hb cone. (KCHC) 1 X 1 Mean corpuscular vol1Dla (XCV) 
1 I Reticulocyte count 1 1 Mean platelet volume 1 1 Red cell dist. width 

* Required tor subchronic and chronic studies • Not required tor oncoqenicity studies 
Results and cgnclusigns: At the termination of the study, statistically siqniticant reductions in ... n erythroid varia~les (erythrocyte count, hematocrit and heao;lobin) were o~aerved in Group• 4 (1500 ppa) and 5 {3000 ppa) mal­and Group 5 r ... lea. The authors concluded that these erythroid effects were secondary to decr .. aed body veiqht, food conauaption and/or water conauaption. The .. results are snmwarized. in Tabla 6. 

Other h ... toloqical effects were obMrved. Group 5 feaalea (3000 ppa) had reduced mean neutrophil percentage and elevated lyaphoc:yte percentaqe when compared to control mica (Table 6) • These elevated blood cell levela .. y bave been cauaad by by illness, al thouqh the authors cUd not fully elaborate on th••• results. 
A few male and f.-ala blood samples in tho .. mice who survived to terminal necropsy were not analyzed, reqardless, the number of samples only amounted to 1 per qroup (caapare Tables 2 and 9). 
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mJr~lcs: 
females: 
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RBC 
H)) 

Her (t) 

RBC 
Hb 
Her ct> 
Neuts \c 
Lymphs tC 

12 

• 

Table G 

006937 
006 7 1 ~ 

Selected H-to1oqica1 Paraaeten ill Kice at 639 Days (taken trom Table 8.7) 

l 
0 

7.68 
1&.71 
4~.24 

o.64 
13.25 
41.04 
39.52 
58.32 

2 
10 

3 
300 

• ot mice exainad 33 35 
23 2Gc 

7.47 
14.02 
43.21 

7.34 
14.33 
43.96 
37.22 
60.61 

Kal• 
7 ·" 14.07 

43.66 

1'~ .. 
6.36 

12.62 
39.04 
40.84 
57.92 

4 
1500 

39 
26 

6.69b 
12.86• 
39.7.:.• 

6.29 
12.58 
38.62 
49.23 
48.54 

5 
3000 

34 
15 

5.54• 
11~22a 
34.aoa 
56.40a 
42.33a a p • <0.05, b p • <0.01, siqnificant1y different troa con~o1 group when compared by the use of the two-tailed Dunnett t-teat pertoraad on the raw data. 

c • For neutrophil t and lymphocyte t tests, 25 f ... le control aice and 25 tamale mice in the 300 ppa exposure qroup were exaained. 

F. saeritice. Grqaa Pathology and Hiatcmathology: 
All ant.ala were tasted overniqht prior to terminal ne=opay. The 301 animals that died in the course of the study and tboae aice who were sac~ificod on schedule were exa.ined tor gross patholoqical and hiatoloqical changes. Teniftal necropsies beqan Auquat 1, 1984 and ended AuC)Uit 22, 1986 on weeks 92-95 of the study. K~opaiea vera also performed on the animals who bad died during the course of the study. Microscopic examination• were pertor.ed on all specificed tissues and qrosa lesions troa all aniaala in each qroup, reqardless whether the animal waa found dead, sacrificed aoribund, or attar scheduled necropay. The CHECKED (X) tissues were collected tor histoloqical examination. The (XX) orqana, in addition, were weiqhed to determine the orqan weiqht. 
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pigaatiu •vttn IX I Tongue IX 1 Salivary qlanda* IX I Esophagus* IX I Stomach• 
I X I DUodenum* !X I Jejunum• 
IX I Ileum* IX I Cecum• 
IX I Colon* IX I Rectum* 
!XXI t.ive:r:•• 
IX 1 Gall bladder*f IX I Panc:r:eal* 
Besp~ratory 

IX I 'l'rachea•t IX I Lunq* 
I I NOll"' 
IX I Pharynx"' 
I X I Larynx" 

ll 

c:arsUoyascular IX I Ao~* IX I Heart* 
I X I Bone lllln'OV*t I X I Lymph nodes• IX I Spleen IX I Thymus• 

Urogenital 
lXXI I<:iclneys•• 
IX I Bladder• 
lXXI 'l'eates•+ IX I Epididymides IX 1 Prostate 

hurglgqipl 
lXXI Brain* 
IX I Peripb. nerve (aciatic}•• IX I SpiDal cord (3 levala)•t I X I Pituitary* IX I !yea (optic n.)•t GlanduJ,u 
I XX I Mr.nal qland* I I !xomital lacriul qlandt IX I Kaaaary qland•t I X I Par&tbYJ:oida*++ I X I 'l'hyroidl*++ Other tisaua IX 1 Seminal veaiclot IX 1 ovaries•+ IX 

1 Bone ( tuur) •t 
IX I Uterus• IX I I Cervix I X I 1 Fallopian tubes IX I Vagina 

I Skeletal .uacle(thiqh)*f I SkiD*t 
l All qroaa leaiona and-··-· 

* Required tor aubchronic and chronic studiea. "' Required tor chronic inhalation. f In subchZ'onic atudies, examined and preaerved only it indicated by siqna of toxicity or ta:r:get organ involv.aent. + organ weiqht required in subchronic and chronic atudiea. ++ O:r:qan weiqht required tor non-rodent studiea. 
1. organ yeigbt: O:r:gan weiqhta v•r• detentined for the liver, kic:lneya, teatea, braiD and adrenal• in all animals in all expoaure qroupa at week& 92-95 durinq ter.ainal necropay. orqan veiqhts vera not recorded tor antaala found dead or aacriticecl aori.bund. Oftl.y 21 of the lG surviving t ... lea had their livers vei;bed Vbereaa l• of 35 aurvivinCJ ulea had their liven veiqbecl, and · therefore, not all of the aice who were teeS atrazille had their ozvana examined. 

orqan nial¢. reaults: Few OZ'CJ&n veiqht chanqea were obaervecl in this atudy. Mice ted 3000 pp ullibited 41crJa•M aean weiqht in the follovinq tiaauea: brain (f-lea and ules) and kidneya (t..,lea). Ozqoan veic;ht inerlll4• were found in mean brain to body veic;ht ratio in f-1••· Table 7 showa the orqan wiqbta of the brain, adrenal c;land, kidney, liver and t .. t•• 11 vell as the orqan weiqht ration to whole body weiqht. 
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Table 7 
Selected Oqan Weight& aDd. Weic;ht Ratio. at 91 ,.. .... 
· <' body weiqht ratio• in parentheaea) 

(taken from Table 8.8) 

Group t: 1 2 3 4 ., 
Dose (ppm): 0 10 300 1500 3000 

2m1n c~n sn::ual i 
Brain 0.55 (1.55) 0.50 (1.45) 

Kal-
0.50 (1.55) 0.49 (1.55) o.48b (1.52) 

Adrenal 0.007 (0.02) 0.008 (0.02) 0.007 (0.02) 0.001 (0.02) 0.007 (0.02) 
Kidney 0.6.5 (1.96) 0.67 (1.93) 0.64 (1.95) 0.62 (1.96) 0.60 (1.90) 
Liver 1.61 (4.81) 1.62 (4.75) 1.53 (4.69) 1.54 (4.85) 1.53 (4.83) 
Testes 0.32 (0.96) 0.32 (0.94) 0.33 (1.01) 0.31 (1.00) 0.29 (0.94) 
------------~~-~~~-------------------------------~--------~-~--~---------1'-1-
Brain 0.52 (1.73) 0.53 (1.78) 0.52 (1.76) 0.51 (1.83) 0.49a (2.01)b 
Adrenal 0.01 (0.04) 0.01 (0.03) 0.01 (0.03) 0.01 (0.03) e.o1b (0.05) 
Kidney 0.49 (1.61) 0.48 (1.62) 0.47 (1.60) 0.44 (1.59) 0.41 (1.70) 
Liver 1.60 (5.26) 1.48 (4.93) 1.49 (5.02) 1.54 (5.50) 1.41 (5.68) 

a p • <0.05_ b p • <0.01, siqnificant1y differnet froa cont:ol qroup when 
compared by the use of the two-tailed Dunnett t•teat perforaed on the raw 
data. 

2 • Gro11 pathqlgqy rtplts: Several gross obaervationa war• 
noted in the •ice fed higher levels (i.e., 1500 ppa 
and/or 3000 pp) of atrazine. '!'h-e observaticma were: · 
enlaqecl atri'WI (or atria) of the heart, tan-colored 
lesiona ot the heart and pallid color ot the lcidney(s). 
The obaervation of enlarqed atria ot the heart appears to 
be do•e-relatecl although it occurs at a lov incidence. 
The incidence• of these qro1s le•ions are illustrated in 
the 'l'able I below. 
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Table 1 

SV1111a:y Incidence o~ GJ:oea r..ioaa OI:Miu'Nd ill 1:IWI atady 
(taken ~rca Table s.a.3) 

Sex: Hilt~ tU,s;• l•11U1J.!I K111il Group t: 1 2 3 4 5 1 2 3 " Dose (ppm): 0 10 300 1500 3000 0 10 300 1500 'l'otal • o~ aice: 59 60 60 58 58 so 59 ao 60 

2m1ra su:: 11Sil; 

Heart, 1. atriua: 
onl•rt~ed 1 4 4 1 4 Lesion, tan 2 2 3 

5 
3000 

so 

8 
3 

--~~-------~--~-~~-----------------~~----~~~~~---~~~~~~-~~--~---~~~~-Heart, r. atriua: 
enl&Z'fJed 1 

Kidney, pallid 2 
color 

3 
1 
2 

2 
3 3 

1 
10 

13 
3 
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3. Hiatqpatholoqy results: 

a) Han-naqplastie lasiqns: As sean after the terminal 
naeropay, doae•ralated cardiac throabi (primarily in the atri•) ware •••n in aa1e aice raceivinq 1500 ppa and tamale mica !ad JOOO ppm atrazine. AI ahown in Table 9, cardiac thrombi ware observed priaarily in thoae animals who had died or ware killed in the course ot the study. 

The authors attributed the majority ot the 
unscheduled deaths to spontaneoualy-~ccurrinq renal 
amyloidosis (p. 24). However, the incidence ot cardiac 
thrombi in :~ice with unscheduled deaths and who were 
sacrificed moribund is statistically siqniticant tr~a 
control mice (this qroup ot mice is referred by the 
authors as ftearly deaths" -- this term it adopted in this review). Statistically significance was not found in any 
group of mice raqardinq ~· incidence of renal 
amyloidoaia in any qroup ot mice. Table 9 •~ova that the incidence of cardiac thrombi in faaale mica :raatld with 1500 ppm or 3000 ppm vas hiqher in the "aarlf death" 
qroup of female mice than the corraapondinq faaal• mica 
who survived to terminal necropsy. 

Other statistically siqniticant amyloid laaiona 
occurred in expoaad qroupa but were teraed "sporadic" by 
the authors. The tollowinq amyloid leaiona were 
observed: 

1) A statistically siqniticant increaae in inci.dence 
ot amyloidosis ot the liver and the adrenal qland 
ware tound in female mice fed 300 ppm atrazine. 

2) Likewise, thyroid amyloicloais was obaerved tha 
"early death" qroup of faaale mice who ate chow 
containinq 10 ppm atrazine. 

3) Lyaph node amyloidosis was observed in t!:.·~ "early 
death" qroup ot female mice who were f~ 4~00 ppm 
atrazina. 
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Table 9 
s•mwary ZDcidanca e;~ cardiac 'f'hrallbi ObHrvacl !a tllia Study 

(taken troa p. 2749) 

Sex: 11:La lis;a F-J.a JS.J.s;• Group t: 1 2 l 4 5 1 2 l 4 5 Dose (ppm): 0 10 300 1500 3000 0 10 300 1500 3000 

"E~rly death" 3/24 5/27 3/24 7/21 9/23• 3/34 4/36 1/34 11/l3b 24/45& qroup 

Mice survivinq 0/35 1/33 0/36 0/39 0/35 0/26 0/23 1/26 0/27 2/15 to terminal 
sacritice 

All mice 3/59 6/SO 3/SO 7/SO 9/58 

a • p < o.o5, b - p < 0.01, e • p <O.OOl, siqnificantly ditferent fro. control (by Fisher's exact test). 

Table 10 
Su.aaey I.nciclenca of Renal Aayloid IAaiona ObtulrVecl iD t!UII S·tudy 

(taken froa Tables 9.6.1~1, 9.6.1.2, 9.6.1.3) 

sex: DJ.• 111s;a la•J.• Ilia Group t: l 2 3 4 5 l 2 l 4 $ 
Dose (ppm): 0 10 300 1500 3000 a 10 300 1500 3000 

"Early death" 9/24 10/27 6/24 8/21 S/23 18/34 22/3' 23/34 20/32 25/45 qroup 

Mice surviving 5/35 2/33 4/3' 3/39 8/35 8/2' 5/23 7/26 5/27 0/15 to term.inal 
sacrifice 

All mic:e 16/59 ,,,o 14/,0 14/60 18/58 28/'0 31/59 31/60 25/60 29/60 
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Swuraary Incidence ot: Mranal. Ally1oicl Leaiona Obeei:Yed iD tbia Study 
(taken from Tables 9.6.1.1, 9.6.1.2, 9.6.1.3) 

sex: HilS B.1Sil lMI:&.• II.1Sil 
Group f: l 2 3 4 ! 1 2 3 4 5 

Dose (ppa): 0 10 300 1500 3000 0 10 300 1500 3000 

•Early cteaths• 8/24 8/27 6/24 ll/20 9/22 18/34 24/35 24/33 20/32 30/44 
qroup 

Mice survivinq 3/32 1/32 2/35 0/37 8/32 5/26 2/23 9/25 6/27 0/15 
to teraiDal 
aac~ific• 

11/56 9/59 8/59 11/57 17/54 23/60 26/51 33/58a 26/59 30/59 

a • p < 0.05, siqnificar.tly different from control (by Piaher•a exact 
t .. 'C). 

Table 12 
su..ary rncictance ot Hepatic Aayloid Leaiona Obaei:Yecl iD tbia Study 

'taken froa Tablea 9.6.1.1, 9.6.1.2, 9.6.1.3) 

Sex: 1111• JS.1Si• z:--1• JS1Si• 
Group t: l 2 3 4 5 l 2 3 4 5 

Dose (ppa): 0 10 300 1500 3000 0 10 300 1500 3000 

"Early deatha• 7/24 7/27 4/24 10/20 9/23 17/34 23/36 23/34 19/33 29/45 
qroup 

Mie~ survivinq 2/35 l/33 2/35 0/39 4/34 4/26 2/23 6/25 5/27 0/15 
t:o terminal 
sacrifice 

All miee 8/59 7/60 5/60 10/59 10/58 20/60 25/59 30/60a 22/60 29/60 

a • p < o.os, siqnificantly different from control (by Piaher•a exaet 
test). 
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Table 13 

006718 

006937 

SUmlary Incid.nce o~ Lyaph Jfode by1oid t.e.iona ~arv..S 1a t:.tU.. Study 
(taken trca Tables 9.6.1~1, 9.6.1.2, 9.6.1.3) 

sax: 1111• tU.s:• z:-1• lis:• Group t: 1 2 3 4 5 1 2 l 4 5 
Dose (ppa): 0 10 300 1500 3000 0 10 300 1500 3000 

"Early deaths" 3/22 0/25 0/23 0/16 3/21 5/34 1/32 10/32 11/31a 8/4~ 
group 

Mice surviving 1/35 1/31 2/35 0/36 1/33 3/26 3/23 3/26 3/26 0/!..-4 
to terminal 
sacri~ica 

All aica 4/57 1/56 2/58 0/52 4/54 1/60 11/55 13/51 14/57 8/55 

a • p < o.o5, significantly different !roa control (by Fiabar'a exact 
test). 

Table 14 
S~ry Incidence ot Thyroid Glucl Aayloicl I.aaiona OI:NierNd in t:!Ua Stlldy 

(taken trar Tables 9.6.1.1, 9.6.1.2, 9.6.1.3) 

Sex: 1111• l.i.Sil 1:a11• lis:• Group f: 1 2 3 4 5 1 2 3 ... 5 
Dose ,ppa): 0 10 300 1500 3000 0 10 300 :usoo 3000 

"Early d.ea.th" 8/24 1/25 5/23 9/21 10/22 17/34 25/34a 23/3-$ 20/33 29/45 
qroup 

Mica survivinq 2/35 1/33 2/35 0/39 4/34 4/26 2/23 6/25 5/27 C/15 
to terminal 
sacrifice 

All mice 10/59 9/51 7/58 9/60 14/56 21/60 27/57 29/59 25/60 29/60 

a • p < o.os, significantly d.itterent !rom control (by Fiaher•s exact 
test). 
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Htcplastic l~sions: OVerall, atrazine expo.ure d~ not 
caus• a dose-related increased incidence ot neoplasms in 
these mice in this study. 

Histoloqical evaluation of palpable aas... were 
pertormed. ot the palpable 111ssos e:n•inecl, 3 teaale 
mice were tound to have developed .... ary &daftocarcinomas 
(one mouse in the control. qroup and 2 Jlice feel chov 
containinq 3000 ppa atrazine). one fe.ale in the 10 ppm 
exposure qroup developed a fibroaa ancl o.:e t-1• in the 
300 ppm qroup developed aalignant ly.phaaa. %n ~· 
mice, two developed fibrosarc011a in the 10 ppa exposure 
q:roup. one male aouse in the cp:oup feel 1!500 ppa at:razine 
was d:atermined to have a hemanqiosarcoaa (a ll&l.iqnancy 
form'd by the proliferation of endothelial and 
fibroblastic tissue). These neopla .. s were found after 
histoloqical examination of these palpable ..... s in 
these mice: some of these tumors are liated iD the tWilor 
incidence tables below. 

Aa shown on Table 1!5, in aale aice ted 10 ppa 
atrazine, a statisticall.y significant ~ in the 
incidence of hepatocellular ac:lenoaaa vas ob.erved, yet no 
statistically significant increase in incic:lence of this 
type of tumor was observed in groups of .tee ted b.iqher 
levels of atrazine (i.e., 300 ppa, 1500 ppa or 3000 ppm). 
This effect is not dose-related. 

No statistically siqnificant increases in incidence 
were tound tor the follovinq typ•s of neopla-: .. llllllar: 
adenocarcinomas, adrenal adenomas, pul.onary ad.enc:aas and 
lllliqnant lyaphoaas. The incic:lencu tor th- tu.ors a:t:e 
listec:l in the tables below. 
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sex: 
Group t: 1 

!:ose (ppa): 0 

"Early cleath" 0/24 
group 

Mice survi vine; 10/35 
to terminal 
sacrifice 

21 

Table 15 

C06937 
006718 

of lfepetocellulu adeftollaa CI:Miei:Yed in tJds study !rom Tables 9.6.1.1, 9.6.1.2, 9.6.1.3) 

K11!a K~Si• '••1• ll~a 2 l 4 5 1 2 3 4 5 
10 300 1500 3000 0 10 300 1500 3000 

5/27a 0/24 1/20 0/23 0/34 0/31 0/34 0/33 0/45 

8/33 6/36 3/39 1/35 1/21 0/23 0/26 0/27 0/13 

All mice 10/59 13/60 6/60 4/59 1/58 1/60 0/51 0/60 0/60 0/60 

• - p < 0.05, significantly different froa control (by Fisher's exact test). 

Table 11 
Su.aary :Inciclence 4f xa..uy Adenocarcinoaaa ~ in this Stucly (taken iro• Tables 9.6.1.1, 9.6.1.2, 9.6.1.3) 

sex: 11111 II~Si&l z:-11 Ilia Group t: 1 2 3 4 5 1 2 3 4 5 Dose (ppa): 0 10 300 1500 1000 0 10 300 1500 3000 

"Early cleath" 0/13 0/9 0/13 0/14 0/9 1/33 0/35 0/33 0/33 2/44 group 

Mice survivinq 0/18 0/12 0/19 0/22 0/20 0/21 0/23 1/25 0/27 0/15 to terminal 
sacrifice 

All mice 0/31 0/21 0/32 0/36 0/29 l/59 0/59 1/51 0/60 2, 59 
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'fable 17 
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Su..ary Incidence .o~ Adrenal ~ Obaenecl ill tbia Study 
(taken traa Tables 9.6.1.1, 9.6.1.2, 9.6.1.3) 

sex: Malt Mica 
Group t: 1 2 3 4 5 

Doat (ppa): 0 10 300 1500 3000 

"Earl{ deaths" 0/24 0/27 0/24 0/20 0/22 
qroup 

Mice aurvivinq 3/32 0/32 3/35 4/37 3/32 
to terminal 
aacri~ic• 

All mice 3/56 0/59 3/59 4/57 3/54 

Fp•l• Mica 
1 2 3 4 5 
0 10 300 1500 3000 

0/34 0/35 0/33 0/32 0/44 

0/2S 0/23 0/25 0/27 0/15 

0/60 0/58 0/58 0/59 0/59 

a • 'l'ht numerator ot thtat incidence valu.. in ~ia ~ were cal.culattd 
by subtracti.nq the tWRor incidence in thoae aict vho aurvi vtd 
until terminal aacritice troa ~l ot the aice atwliec! (e.q., ~or 
Group 1 mal .. , 3/56 - 3/32 • 0/24) 

'fable 18 
Su.aary Incidence o~ Pul.aonary ~ Ob&el:vtcl in t:lda Study 

(taken troa Table• 9.6.1.1, 9.6.1.2, t.a.l.3) 

Sex: 1111• l.i.Sii• E-J.• IUSiia Group t: l 2 3 4 5 1 2 3 4 
Dose (ppa): 0 10 300 1500 3000 0 10 300 1500 

"Early cteatha• 1/24 1/27 l/24 0/21 l/23 1/34 1/3' l/34 l/33 
qroup 

Mice survivinq 3/35 3/33 3/3a 5/39 6/35 0/2S 0/23 l/2S 2/27 
to terminal 
sacrifice 

All mice 4/59 4/60 4/60 5/60 7/58 1/60 1/59 2/60 3/60 

5 
3000 

l/45 

l/15 

2/60 
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Tabl.e 19 su-ary raciaenc. o~ Kal.iC)DUlt L~ ~ in. this Study (taken from Tables 9.5.1.1, 9.6.1.2, 9.6.1.3) 

Sex: bl.• 11.1~• Group t: 1 2 3 4 5 Dose (ppm): 0 10 300 1!500 3000 

•Early deaths• 2/24 3/27 !5/24 0/21 l/23 qroup 

Mice aurvivinq 2/35 5/33 4/36 3/39 3/35 to terl&inal 
aac:ri~ic• 

All aic• 4/59 8/CSO 9/60 3/60 4/58 

buJ.• IU,s;• 1 2 3 4 !5 0 10 300 1!500 3000 

CS/34 !5/36 5/34 3/33 3/4!5 

13/26 9/23 11./26 9/27 4/15 

19/60 14/59 16/60 12/CSO 7/60 
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rtct1ving 1000 D~ and stgntftcantly low.r in f ... lts rtctiv1nq 
100.0. DDII than tn controls. llltrt wu a stgntf1unt dtcrtut tri body wt1gftt tbt:ougtlout tl'lt study for llllts aftCI , ..... , 1n tl'lt 500- and 
1000-PDII gl-oups. Food consUIIIDt1on was clecrtased 1n llllts rtct1vinq 
500 and •1000 PDII for tl'lt ftrst year of tftt study, for ftt~~~lts receiving 1000 ppa for tht first 6 MOnths. and for f ... lts rtct1v1nq 500 PDII for tilt ftrst 3 MOnths. ltd cell para•urs w.trt dtcrtastd 1n ftt111lts recetvtng 1000 PDII but not tn •lts. Glucose was dtcrtu~d 1n 1000 DPII ftlllltS It 3, 6, and 12 1108tlls and tr1glyctr1dts wert 
deereas~ 1n 1000-DPII IIIllS at 3 and 6 MOntfts. Nonntoolast~c f1nd1ngs wert 11•tttd to ant111ls rec.tvt,.. 1000 DDII· An 1ncruse in 
ma~ry acinar cell hyperplasia, kidney calcult, and tp1tftclia1 hyperplasia of tftt prostate tn lltgtl-dost .. les .. Y be assac1attd with 1ncrtutd survival in tfth group. Rett~Ml dtgtntrat1an and centro­lobular ntcrosts of tilt liver wre tncrastd tn b1gft-dose ftfllllts; tnert was an increase in degeneration of tat rectus ftNOr1s NUsclt in 
h1gh~ost !lilts and ftfllles. Increased occurrence of transitional c:ell hyperpluta tn tilt kidney and bladder of lltgft~ose l'tfllllts was of questtonaDlt s1gn1f1cance. lllt NOEl. for cftrontc tax1c1ty was cons1dtrtd to bt 70 DDII atraztne tn the dtet. 

£. ~(VIEWERS' QISCUS$ION ANQ INTERPRETATION OF RESUL!$: 

In agre ... nt witft tftt rtDOrt authors, we assess that atru1nt .... s carcinogenic in ,._,, CD rats, causing an tncreast tn lllftllllry 
adtnourctn-.s at dteUry levels of lO. 500, and 1000 pea.. The 
rto~rt autraors found 1 fttgft level of statist-teal stgntf1cance and a positive dose-related trend (D <0.00005) vttra botft the Cax-Taront 
test and tftt Gtftan-8reslow test ustnt 11ft-tiD1t analysis. The concurrent control incidence of -ry acltnocarctna.. (11.051) was sOIIIWftat tltgller traan tftt •an value for four other studies (9.5 percent. range 3.8-18.9 percent) perfo~ by the testing laboratory. Tht b1olog1ca1 t-oortanct of the stgntftcant tncrease in ~S~AA~ry ac1en0111 plus ftbroadena. tn Mgll-dose f-les (D • 0.004} h not as clear as tftat of tilt adenocarctno-.s. The concurrent control 1nc1dtnct of fibr-adtna. (29188. 33 percltftt) 1s slightly lower tl'lan the historical 1nc1dtnct for the laboratory ( .. an 41.4 percent, range· of four studies 36.3-47.1 percent). 

Wt assess tftat tftt study authors correctly 1nttrprttld tllat the 1ncreast of tnterst1tta1 cell t..-ors of the tastes in htgb--dost !lilts ( 7167) wtten CQIIIPartd to contra 1s ( 1165) WIS probiD ly related to 
1ncreastd survival tn tftt .. les. which res•lttd tn .are 1att-aooear1ng t..-ars. Tlle tnctdenct of the ftndtng tn final sacrifice !lilts was 
6/47 tn tftt 111fb-dose group and 1/31 tn controls; tn those that ~1ed bttwtn 13-24 .,.tras. tftt tnc1dtnct was 1120 in the h1gtl-dose grouo 
and 0/34 tn controls. Htstartcal control t~c1denct for tnttrst1t1a1 cell t~rs tn te~inal sacr1f1ct ant .. ls VIS 8 percent (range. 0-19 percent). Ttlt tnc1dtnct 1n nigh-dose .. les was 12 percent 1n tne 
current study. 
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Ttme to- 1111-ry tumor could not ~e calculUM since the incS1vidua: animal dhpos1t1on tabulations were not provfded. Hawver. we not~ 
that 812i 1'11gh-dose ftt~a~les (cQIINred to 0/22 controls) l'lac:l tlllllllftlr.f 
adenocarc1na..s by 13 months (TaDle 10) • • 
weekly plpat1on data were ava11aD1e for all ant•h. These ctau 
were crtecletd agatnst the gross and histologic f1nc:l1nqs to ~tttnai,. 
tf all 1n-11ft .. ,,,, were followed tl'lrouqft w1th a gross f1ncS1nq aftC 
a 1'11stolog1c diagnosis. The dlta for all .. Its were checked as ~r: 
as tl'le data for r.tgft-4ose f .. les. Masses that. dhaDPtand wtM! 
cnected for tilt first and last day of observation. 

In the 1'11g~-dost ftllllltS. 110re tftln 90 percent of all 1111sses observ~ 
tn-11ft ptrshttd untn sacr1f1ct or dtatft. The,.. wert t10nt tha-:: 
d1sapptartd 1n tilt last 2 110ntbs of tftt study. The fo11owuo at gross 
and h1stolog1c exam1nat1oa was txctlltnt. For fll•l• 8364 ntere ..as 
no section for a mass and for ft~~ele 8429 tfte •sses were los<:: 
ftNlt 8183 had 1 s111t1 •ss that was not 1 tUMOr aDd flflllle 8330 hll:l 
an abd0111na1 ~~ass but no tw.r at gross or hhto1og1c n•tnattorL 
All other 1111ssts had a h1stologtc dtagnosts. 

In males. tl'ltre wert several IIIISSts that were transient. Cell 1111sses 
that pers1sttd were conf1...ca by gross or htstolog1c ex•1nat1on_ 
The fe11ow1ng 11sts 1n-11fe .. sses that dtsaooeartd 1n 1111les: 

Dose No. ani .. ls 
(ppca) No. an1•ls w1tft IMSSeS No. ~~asses 

0 90 20 32 
10 70 lCJ 3& 
70 70 17 43 

500 70 25 42 
1000 90 27 56 

In four control •les and 1n two l'ligft-dose ~~ale~ 111sses not se~ 
1n-11fe were found on gross exa.1nat1on ~nd conf1~ histolQfJ1cally_ 
None of Ute •les tftat died by .,.'ttl 13 1M none tft.at were sacrificr.t 
at 12 .,.tlls !tad --ry tUIIOrs. ..._ry tu.rs 1n 1111111~ were u 
follows: control. f1broadena.a {8051); 10 ppa. adenocarcinoae (7805). 
f1bi"'Od.,._ ( 7906); 70 DCMI. f1broaden- ( 7951); 500 po-. adtnOIIIIa 
(7701). f1broade...-. (8017); 1000 Do-. ~denocarc1na.a (8063). f1broaa 
(7896). Otfter •sses wert diagnosed as abcess.s. galutocoele-s. 
l1poa~~s. f1bro.as. papt 11-s. h1st1ocyt1c sarca.s. ZYIIIM 1 gla~ 
carc1na.s. etc. In two 111lts receiving 1000 Do- (8030 ~ftd 3818;. 
late apoear1ng 111sses were not found on gross ex.-1aat1on. It is a~r 
assess~~ent that tftt gross and Msto1og1c followuo of in-11ft 111sses 
was excellent. 
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Thtrt ~s an 1ncreast tn stvtral hyperplastic ltstons tn ~ats 
rtct1v1ng 1000 DDfl ltraz1nt. Tht Increase tn hyttrp1as1a of tnt 
trans1t1oaa1 tOitftt11WI 1n lctclnty and ur1ftlry bladcltr tn ll1gn-dose 
r ... lts ts oroDaDly COIOound related. Tbe tncreast tn acinar 
nyptrpl;sta of tnt 111111111ry glands and tn tottneHal hYDtrttlasta of 
ttlt prosute tn 111gh-close IIIllS could Dt cOIIDOUfld ,..lated and/or tht 
result of increased survival tn thts grouo. Other lesions noted tn 
nigft-dose an1•1s sucn as IIUscle degeneration (lllln and hNletl. 
~tt1na1 degeneration (f ... les). and Dtlv1c calculi tn tne kifnty 
(males) al"'t no~lly occurring lestons of agtng. 

Tnt decrease tn red ctll D•r ... ters·tn high-close f ... les and increase 
tn tlyelotd hyotrplasta and Increased extr~etc~ullary ftlftlltooo1tsfs in 
f._les l"'tcetvtng 500 or 1000 Dllll atru1ne •Y be 1 constQutnct of 
ttle clevelo~~~~tnt of ._ry tUMrs. 

The increases tn organ-to-body wtgllt ratios noted In tnt stuc!y art 
pr1111r11y due to decreastcl body wetgllts. The effects of trtglyctridts 
and glucose lilY also be relatld to the weight loss. When all cnrontc 
toxtc1ty oar .. ttrs art consldtrtd tt 1s reasonable to set a LOEL at 
500 p~ and I IOEL at 70 Dllll· 

Tht study ~s wll conducted and adequately rtDQrted. Onct 1ncUv1dua1 
an11111 dtsposttton data art provided. the study can bt class1f1td 
Core Guideline. 
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OATA EVALUATICN REPORT 

• 
STuuY TYPE: 2-Generation Reproduction Stu~ 

(83-4) 

~Riu ~o.: 404313-03· 

TEST ~1ATERIAl: Atrui ne 

TOX. CHEM. NO.: 63 

)YNONYMS: 2-Chloro-4-ethylamino-6-isopropylamino-~-triazine 

STUOY NO.: 852063 

SPUNSUR: Ciba-ueigy Corp., Agricultural Oivisfon, Greensboro, NC 27419 

TESTI~b FAClLITY: Research DepartMent, Pharaaceuticals Dfvison, Ciba-
Geigy Corporation, S-it, NJ 07901 

AUT~ORS: J ~a1n1ero, M Youreneff, MLA Gitnis and ET Yau 

REPORT ISSUED: November 17, 1987 

CQfjCLUSION: Parental NOEL • 50 ppll 

Parental LEL • 500 pp11 based upon decreased body weights, body 
weight gain, and food con~tfon fn both parental -.les and 
females throughout the stud)r. In .cldftfon, the increase in relative 
testes weights seen fn parental males could be treatlent-related 
since it was seen fn ~oth generations. 

Reproductive NOEL • 10 ppa 
Reproductive ~EL • 50 pp11 based upon decreased body weights of 

pups of the second generation on postnatal day 
21. 

CORE CLASSIFICATION: Core - Mfnf•ua 

A. MATERIALS: 

1. Test compound: Atruine~ Technical. Batch FL 841802. White 
powder. Purity not spec iff ed but stated to be on record at 
Ciba-Gefgy Corpo~atfon. breensboro, NC. 

2. Test animals: Species: rat; Strain: Charles River (CRCD. VAF/ 
PLUS) from Charles River Laboratory. Ltd •• Kingston. NY; Age: 37 
days; we;ght: males. 177-219g and females, 140-176g; animals were 
quarantined for one week. 



&. STUOV DE~IGN: 

1. Anf~~al issig'ltnlnt: According to the rep~n. ...,...,, hundred twenty 
m"le o~nd· one 1iU'i1clred twenty feaale rats frr: J .ite ii.:CJfaatfon colony 
were rt~ndomly assignea a TERCIS• temporar_,. antrn1l ;dentfficufon 
number thd 1t the same time were randomly d1~tr1buted fnto 4 
tre1taent groups ••• M Permanent numbers were assigned when the animals 
were found acceptable for the study. 

z. Experimental design: Male rats were placed an the control and test diets 
at 47 days of age and females at 48 days of age. They were maintained 
on these diets for a period of 10 weeks prior to aating. Males and 
females were housed together fn a 1:1 ratio for m1tfng. ihey were allowed 
a tnree week period for matffti and were separated once evidence of mating 
was seen. One 1 f tter lMS produced fn eech generation. After 
weaning of the last litter of the first generation, thirty males and 
thirty females were selected for the second parental generation. The 
remaining male parental animals were sacrificed on days 113-114 of the study. The remaining female parental animals were sacrificed on days 
133-134 of the study. 

Animals selected for the second parental generation 
were exposed to test diets for 12 weeks prior to sating. Mating was 
conducted in the same Banner as for the first generation. Parental 
males were sacrificed on diY 138 of the study and parental fenales on 
days 138. 13!1 and 152 after weaning of their litters. 

3. Test diet: Atrazine was mixed with Purina 15002 Certified Rodent Chow. 
The concentrations used were 0, 10, SO and 500 ppa. Dfets containing 
10 to 3000 ppat atruine were found to be stable at roc~~~ temperature 
for at least 40 1tys. Periodic hollogeneity analyses were performed 
and atrazine concentrattons were found to be 93-105' of the expected 
values. 

4. Statistics: Statistical methods can be found in Appendix l (Section 
2.13 of the report). 

5. A signed qual~ty assurance statement was included with the study report. 

C. METHODS, RESULTS, AND DISCUSSION: 

1. Parental ani-als: 

a. Observations: Ani•ats were observed once daily for signs of 
toxfc1ty and twice daily for mortality. No treatment-related 
clinical signs were seen fn either parental generation. Alo,ecia 
and sore(s)/scab(s) were commonly seen in all group$ including 
the controls. 

At the levels tested, atrazine had no effect on mortality in either 
parental generation. 
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Body weights CCont'd.) ~.1 'wl ...,; -' ..., I 

Fe.hlles. F0 (Gesutfon) Ft~~Ales. F0 (Lactation) 

0 • 20 0 !4 21 

0 289.5 407.0 330.5 354.2 341.3 
10 l85.3 415.9 323.5 3"8.2 333.9 
50 4::1:11. s 41CI.O 320.8 344.9 331.3 

suo 25u.6• 376.6. Z88.J· 319.1"' 314. 7* 

females. Fl (besutfon) Fa.les. F1 (Lactation) 

0 302.0 408.4 329.8 347.5 333.7 
lU 29&.5 413.4 334.7 344.5 335.3 
50 305.3 418.1 341.4 346.7 333.3 sao 26o.a• 370-3* 297.6"' 316.9* 315.2* 

p<O.OS 

aody weights were statistically signfffcamtly lower for both aales and females 
fed the diet conutntng 500 ppm atrazine (HOT) tt!roughowt the study. Body 
weight gains were also statistically significantly depressed at the HOT. 
At the •td dose (50 p~) sporadic statistically stgntftcant decreases in 
body weight gain ~" noted. These changes are not considered to be 
related to treau.nt since tttey wre occasional and very sporadic. 

c. Food consUIIptton: Food cons-.,tfon was deUI"'IIfned w.esly fer 
males and f.-ales du~fng the pr.-atfng period and on days~. 1. 
14, and 20 of gestation far ~e feaales. 

Food consumption was statfstfca11y sfgniffcant1y recuced for males 
and feMales during tbe preaating period fo~ both parental ;enepations 
and for Ft feaales on days 0-7 of gestation. 

J. Sacrifice and ptthology: ~11 parental animals were su~ject~ 
to gross patttologtcal examination. The testes ,.,d ;vari gs •ere 
we1glted. The following tissues were collec~ :or Bicrosccpic 
ex•in•t1on: 

vagtn• 
ustes 
prostate 
gross lesions 

cervix 
ep1d1dyai des 
pituitary 

cvaries 
seminal vesicles 
coagualt1on gland 

Tissues froa the control and high dose group were e~amined 
microscopically as well as an gross lesions. 

1) urgan weights: There were no treatment-related effects on 
ovarian weights. Relative but not absolute testes weights 
were statistically significantly increased at tne HOT 
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~n parental males of both genera~;ons. The study authors attributed this change 
to decreasea bo<1 weight g•fn at this dos.ge ·level. 

2) Gross necropsy: No trestaent-related effects were seen fn 
•either gener,tion. 

3) Histopathology: No treatment-related effects were seen 1n 
either generat1~. 

2. Reproductive eff~cts: 

a. Pup weights: Mean pup weights per litter were recorded on 
lactation days 0, 4, 7, 14, and 21. Selected overall aean pup 
weights for each dos..ge group and each genernionn are shown in 
the following table. 

Mean Pup Weights {g) 

F1 Generation 

Oosage Group (ppm) 0 

Day 

4 7 14 21 

0 
10 
50 

sou 

6.42 
5.99* 
6.17 
b.30 

( pre-cu111 n,) 

9.11 
8.10* 
8.56 
8.74 

1.4.43 31.00 49.87 
12.95* 28.31* 45.09* 
13.54 29.87 47.23 
13.43 29.27 46.17* 

F2 Genel"ation 

a 
10 
50 

500 

p< • 

6.38 
6.02* 
6.23 
6.22 

9.32 
8.75 
9.02 
8.99 

1t..Ol 
1:J.39 
13.66 
13.28 

29.32 
28.26 
28.33 
28.06 

47.75 
44.55 
43.77* 
42.99* 

Fol" the F1 litter. there was a statistically significant decrease in pup body 
weights at the low dose UO ppm) at all time periods recorded. Since this 
effect was not dose-related, thfs reviewer does not consider it to be due to 
tl"eatment. The statfsfcally significant decrease seen at the high dose at 
day 21 in b~ weights fs also not considered, by this reviewer as well as the 
study author, as treatment related since it too is not dose related. 
However, in the F2 generation, the statistically significant decrease in 
pup body weights at day 21 in the miti anG high dose are considered to be 
treatment-related by this reviewer. since there appears to be a dose-related 
effect on pup body weights at th1s time period and in this generation. 

b. External observations of pups during lactation: Pups were 
observed daily duri~ lactation. No treatment-related effects 
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c. ~crifice and necropsy of pups: Pups culled on postnatal day 4 
were subjected to gross necopsy as were 40 randomly selected Fz 
pups on a.y 21. No treatment-rel•ted findings were noted • 

• 
d. Other reproductive parameters: The fJllowin~t reproductive 

paramenters were studied: number of viable litters, litter size. 
stilloi~tns. sex ratio, surival inoices, aale •nd fea.le fertility, 
male and female mating index, number of pregnant feaales, 
~umber of implantation sites, number of viable newborns and 
post-implantation loss. None of these parameters was affected 
by treatMent (see Appendix 2, Tables 6.6.3., 6.6.4., 6.8.1., 
6.14.3., 6.14.4., and 6.16.1. taken from the study report). 

C. CONCLUSIONS: 

Atrazfne at dietary levels of 10, SO, and SOO pps hid no effect on the 
reproductive para.eters studied; howeveP~ ~u~ weights at postnatal day 
21, second generation were statistically significantly lower than those 
of the control group at 50 and 500 ppg. The significance of these body 
weight effect~ cou~d have been better addressed if two litters hau bean 
produced in each generation. In the absence of ~his infonnation. the 
reduced ;up weights at this t1~ point are considered to be treat~ent­
related. 

aoay weights, bOdy weight gain and food consumption were statistically 
significantly ~ecreased for parental animals, males and f .. ales, through­
out the stuay •t the HOT. These are considered to be trea~nt-related 
effects. In addition the statistically significant increase fn relative 
testes weights could be treatment-relatea, since th;~ effect was seen 1n 
both parental generations. 

Parental ~OEL z SU ppm 
~arental ~~L = SUO ppm based upon decreased body weight, body wefght gain, 

and food consumption for parental animals throughout the 
study. In add1tfon, the increase in relative testes weights 
could be treatment-related, since thfs effect was st~~ in 
parental •aies of both generations. 

Reproductive NOEL • 10 ppm 
Reporductive LEL • SO ppm based upon decreased body weight of pups on postnat 

day 21 in the second generation. 

D. CuRE CLASSIFICATIOU: Core-f4inimum 
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ATRAZINE 080803 

Page. __ _ is not included in this copy. 

Pages / <ll- through ( 8'8 are not included. 

The material not ·included contains the following type of 
information: 

Identity of product inert ingredients. 

Identity of product impurities. 

Description of the product manufacturing process. 

Description of quality control procedures. 

Identity of the source of product ingredients. 

Sales or other commercial/financial information. 

__ A draft product label. 

The product confidential statement of fo~ula. 

Information about a pending registration action. 

)K: FIFRA registration data. 

The document is a duplicate of page(s) 

The document is not responsive to the request. 

The information not included is generally considered confidential 
by product registrants. If you have any questions, please contact 
the individual who prepared the response to your request. 
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V. MSQRIIXQJI: 

Atraaine expoaure did not cauae a dose-related incr•••• in the iAcidence of naoplasJU in the CD-1 atrain of aice in thia study. Ko doae-related effects are aeen for aacroacopic qross lesion• or ocular chancres in either sex duriftCJ the 91-week atrazine teedinq study. 

The KOEL and the LEL are deterained on the tollovinq baaea. The LEL ia set at 1500 pp~ baaed u~n decreaaea of 
23. 5t and 11. at in mean body vei(Ji4.;. c;ain fowd at 91 weeks in lllale and female mice. ::espectively. Alao, an 
i~c=~ase in the i~eidence o! ca:diac tbroabi ia found in teaale mice in the 1500 ppm exposure group. Hone o~ the above etteeta are found at 300 ppm, thua the MOIL ia aet at 
300 ppm. 

'l'hia oncoqeniei ty study shows that there ue doae­
related •~tecta ot atrazine in aice ted chow contatninq 1500 ppa or 3000 ppa atrazine. 'l'he dose-related effects are the production ot cardiac thrombi, a dec::eaae in the uan body weiqht qain •t 12 and 91 weelca durincJ the atudy, aft4 
deer••••• in erythrocyte count. b.eaatocrit and ha.oglobin concentration. An incr•••• in tb.e incidence of cazdiac throabi ia tou.nd in t ... le in the 1500 ppa and 3000 ppa exposure groupe. In addition to a.yloidoaia, cazdiac thrombi eontribtlted to tb.e 4eatba of tb.e qroup ot aice Who die! not survive to terminal aaeritice (thia group of aice are termed aa "early death" aice). This aaaertion ia baaec! on the obaervation that a statistically aiqnitieant incre,aed 
incidence of cardiac thrombi is found in "early c!eatb." aiee wher8as no atatiatically siqniticant increaae in incidence of 
cardiae thrombi ia found in ~· qroup of aice who survived to terminal sacrifice in the same exposure qroup. Theae 
reapcnsea are the only doae-related •~tecta observed in 
~~•s• mice in tb.ia atudy. 

F-.le aice in the 3000 ppm expoaure qroup rac:ieved 
alaoat tv!ce the dietary intake levels of atrazine vhan eoapued to ule aiee in th~ 3000 ppa expoaure qroup. This obaervation may explain the 25t survival of t ... le aice and 
oat survival of male mlce in the 3000 ppa expoaure qroup. 

189 



25 

UUti~37 

006718 

At the hiqheat axpoaure level, 3000 ppa, atrazine 
expoaure•in both aexea of mice cauaed: 

1) a deer•••• in the mean body weiqht qain at 12 and 91 
weeka, 

2) a decrease in !ood consumption rates, 

3) an increaae in the incidence of cardiac throabi, 

4) a dec~•••• in erythrocyte count, h .. oqlobin 
concentration and h .. atocrit, and 

in female ~ice only: 

1) an increaae in mortality, 

2) a deer•••• in moan brain and kidney vaiqbta, an4 

3) decreaaod p~rcentaqe• of neutrophil• and lyspbocytea. 

Both the 1500 ppm and the 3000 PPII atraaine expoaure 
levels are da .. ed autficient do••• to cauaa an a~te level 
ot toxicity in male and tamale mice becauae: 

1) tho hiqh p•rcentaqe of ~aortality at 91 veeka (75') in 
tamale mic• in the 3000 ppm atraaine axpoau_-a group, 

2) d•cr~aaad -.an body weiqht qain at 91 ~ in taaale 
mice (48.5') and in male mica (24.4t) fed ehov 
containinq 3000 ppm atrazine, 

3) a 2l.5t deer•••• in mean body weiqht qain in aala mice 
and an 11.0' 4•cr•••• in female aice in the 1500 PP1I 
atrAzine expoaure qroup at 91 waeka, and 

4) at 12 veeka a 33.0' deer•••• in mean body veiqht qain 
in .. 1e aice and a correapondinq l4.3t deer ... • in 
f-1e aica in the 1500 ppa expoaura qroup. 

Tbia atu4y vaa well conducted and baa bean d ... ad 
sufficient quality to determine the oncoqanic potential of 
atrazine. Thia atudy ahould be qiven the core claaaification 
ot "guideline" becauae the mathodoloqy r~r ... nta 
established in the Peaticide A•••••ment Guidelinea, 
Subdivision F 183-2 have been satisfied. 

PCl/reports/atraonco.002 
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~ "'"t -_,.ra'"""'OO" Sb·,,..y r~--.. 40::;65~-"1..,) \__...) :"\:ot ·"' _..,.j. .. J ........ , __ , _ _. - - ~~ 

7~is stu:Y was classi!ie= as Core S~??l~nta~z pe~din~ s~bmission of the ~~~i:y o! the technical proe~c: and s:~ce a ~)~ f~r r~nting was not demo!'lStrat~. 7;.~ r~=is~rant has s~jtte= :.~!o~~::~~ i~d:ca::~; t~at the pJrity of the t~.::::-.:.:a! ?rOjiJct ·,.ras a;lprox::;.:itely 95. 7t a~~ !".isto:ical control data to address t~~ a~3~~=e of a ~~~~ :or r~~::~= 1~ :~e st~~~- ~ ~istorical co~trol data a!o~; ~:~- t~~ ~~=l=~~ce of r~r.tins :~ :~e s:~dy are s~~rize~ in the follo-in; uole. 
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3 

0 

~;~. -.:: ··- =~:..:s-:$ 29: 

··~ -: :- ...:;-.:.s ::,().3)2 .• \,1 .. 

, . ., '-· -- ::~te~s --:~ ""-
~:o. c: li:~e~s 
~ .. ro.. J.-·- runts :c.;.J> 

:-osa=-:- G: a.:r· { ;T\:: t;,;_J) 
l.O - - 70 

:;:o 351 

5(1.~} 7(~.0) 

23 25 

3(13) 4(16) 

iOO :!is:. Cor.t:-o! l 

E7 8i'l2 

65{97) 9Q(l.Q)3 

5 663 

5(100) 65(9.8)4 

oa~a frorr. 25 s:ucies w~re s~~~:ted. Data from one stu~~, condUcted in 1981, was ::o:: i:1.=luded by t:::.s revie·wer. Only data fran studies cond:.lcted fran 1984 to l9o6 are s~~~rized. The study under consideration was dated l9S4. :;..i.":".::Ers in pare::theses are percentage incidence. ;.an;'= = 0 ~ 4.0% 
?:a::~e = 0-25.3% 

7::e i::.=:de::ce o: bo:h ru::~ and litters with runts was within the historical contra: ra::ge :or the 1~ anc ~:a dose gr~ps; however, for both of these ::.ara::-~:.ers a:::: aosa.:JI£: ::Jre\.:~S the in~iden:::e was slichtlv hic!':er than the mean bsr.c:::::al co:::.:cl val~e. - 7he C0:1C.J:rent COntrol Val~es, 0.-, the Other hand ...;e:~ :.o...· · .• ::-:e!i co:::ared to :.he historical control rnea:1 values. This reviewer =~ls :.~a: t~~ :::=:de::ce c: r~~ts i:: t~e low and mid dose group of this study :3 ~~~ :.:~=:~~~~ :ela:e::, ~se~ ~po:1 the s~bmitte~ historical control da~a and :.:-.~ co:-;;.ara-:.i-.·ely !a.· con=-.1:::-rent control values seen in the Atrazine study. :~ ad:::::o~, :.~e i~~:ease over control values :r. both the ~be= Of runts and :~€ :-:~.::-.::.:: o: lit::ers v.·i::-: runts was not statistically Sig:lificant at the lo.: cr -::: :::Js~ t:_.· F::..s~:-.er's ~xact test at the 0.05 le·,•el (Statistics done by this =~·::.ewe: J. 

;.:: :.:--:.:: -:.~ d:>s-:, there w~=e statistically s:g:-:1::.cant increases b'f both fetal a!'ld :::~~~ :~::d~:::::e in s~eleta1 variations indica::inc delaved ossification. These :~::~=~== s~~:l not completely oss~:iej, ~~es?henoiC r.Ot ossified, teeth not o3~:.::~~' :--.:;,:.a:::arpals r.ot oss1fiec, ~t.::::a:?Qls bipc::-:i!e, an~ distal phalanx :-.:-:: oss:::.:;,::. :'!ie in:ide:-:::es of t!i~se ~:fe::::s in t:-:e control and lo.J dose gro~? .,_·-::-: .:o~:ac:.::. 

:::.:-. .::~s:c:-.3: 

, -· 
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:tat T~::ato.'!.~· Stu:-,; 006937 
'!'ne core grade of this study c:an b': raised to Core ~ininum. 

Developmental ~JEL • 10 mg/k~ 
Deve1op~ncal L~L._ 70 mg/k? oasej ~po~ an increased incidence cf skeletal 

variatio~s ;ndica:ing delayej OSSlfication. 
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7"• 5.a4et~ Evaluat1on F•c1l1t' 9 CIS~-G£1~· 
~~r:. • Su~m1t. New Jersey 
b•:·-eo.; 
Cf-l!:i-8-+ 
~ccert ~. fniurn•. Ph.D. 

G•,..~'-dtne 
..,.1 • .,. Ec. 

S. ~anford, Ec.~. 
Morgan, Ec.A. 

~:-.e acrt+&ty i::v~tlu.a.ttcn ~ac:1l1tv, CiaA-GEIGY Corp. • Sun'tlfttt. 
N~ ... : ••-se-·.·. .::.:::na..,c:te.::l t,..,1 s ter•to.i. cc;y study of Atr•:: 1.ne Tec:hra ca-l 
ln Ch~rle~ Rtver rats dur1ng tne ~all of 1994. 

: t 
: .:.=-. -;. 
~ - -= - . .. .... , .;. ... ;. ! 

tne teratolog~ stua~ of atra:1ne 
Cct·::~•-.i'tl on. • ,:::.c)-E.i.J d&r:"::2ns-=:r.a~t:~ 

; :-t:~r-,....-.~ ~.;o ~c-s•· .. vWW ~-t.P•,:~ -•v•l \:,;Q£t_}: lO fft:), ~·gJa.a.· 
·~.J'!"l'··r:.ri. L..O ... **'t .::,;:!:•r- .. 4!.::1 E~..::='t ;..evel :._.:;C"l...l::."( mg:~qlc:~.· 

~~.~~ ~&1~•• are ease~ ~, .a statlSt1C:all~ S19n1~1c:ant deere•$& •. 
::~~- ... ,qn<:. g.un .:u.•·tn.; t~"•• ftr-st ho~~l~ o-+ the d.;s1n9 per1oo ar • .: ~ 
=~~:.•t~~~~~ ~ ~1qn1~~~~-'! r•c~~~lO" ~" food c:ons~mot1cn ~cr :n~ 
··~~- ~~o ~~.s cf #9•~~ ~d~1n1s~~+~!On 1n tn• 7~ mg,l~/d•v gro~:. 
-:-,..-:- .-,;o;;.;;..-r-,;;.: ,T .. :···t-~ltv ~ tr·e l'il; .. ·•s·:. dose t•st*a• 7(Jcj ma-~c:~•··· 
,.,_;;.= --;-_c:~ .. m•~1,.,~ tnts ~rou~ ur.<srtls+•c:tory -t-or ev.alua't:lOn. 
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Developmental taaicity L0£L; 

006937 
S •&lk&/dey 

?5 •a/t.a/c.ay 
These vel~•• ere be•ed an e •teti•ticelly aisni~icent increeae in the number a~ resorption• in the hi&h daae croup, aiani~icently decreased ~etal ~eiahts (male and ~emele) in this araup. and en i"crease in s~eletal variations. e•pecially delayed aas~~1cat1an af appendicular skelatel elements. 

PAOCEOUR£S 

Test materiel: Atrozine technical 
Vehicle: 3S aqueous corn starch contoinina 

O.SS Twelltn SU 
Oaso&e levels: 0, 1, 5, or ?5 m&/k&/doy by aovoae Period a~ administratian;Oays ?-19 o~ aeatetion Species: New Zeeland White rabbits 

The protocol used in this study wea in compliance wit~ those r'ltcommended in the Standard Evaluation Procedure (SEP), Te~atolaay Studies (EPA-540/9-85-018, ~une 1985). 

Graded doses or etr~zine were edainiatered by aeveae to virain remele rabbitG •hie~ had been ortiricielly inselllinetad using semen collected •r~~ males or the se•e strain •ainteined at the research site. The oral route or dosina wee chosen because potential human exposure is by this routa. 

Oosinz occurred daily and 
o~ preanency with the day 
counted es dey Q. This 
recom~cndaPl~ns o~ t~e S~P end 
in the reObit. 

was p~r~or•eo on days ? throuah 19 
or arti~icial inseMination beina 
doaina period aareea with the 

covers the perioG or oraanoaen~sis 

Identiricetion or individual rabbits, houaina, rood, water, environment, querontine time, end aroup assianments were or standard experiMental design. Ooee level wos based on the onim•la' body weiaht rac~rded on aestetionol days ? end 14. Oos1na wes per~ormed os indicated in Table 1. 

lESt l1llllllE Clf1 
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Teele 1; 

Group Nufftber of" Days of' Dose number f'emales treatfftent ( •&lk.&/day} 

1 (control) 19 7-19 0 
2 19 7-19 ' 3 19 7-19 5 
4 19 7-19 ?S 

The control zroup (~ehicle control) receive~ S Ml/k&/d~y of' 3% cor~ starch with Twe•n :o, which was • voluae equivalent to thee received by rabbits treated with etrezine. 

-. 

Accordin& to the SEP, the hi&hest daae of' three di*f'erent levels should induce overt maternal toxicity but not •ore then 10% maternal deeth. The highest dose (?S •alk&/dey) did induce overt "'eternal toxicity. A sianif'icant deer•••• in wei&ht &•in and f"ood consumption were f'ound durin& and •*ter treatment. Signi~icant increases were also f'ound in vactnal ble•din& and in little, none and/or sof't stools. No deeths were *ound in this treatment group. The lowest dose ia not supposed to induce 
evi~ence of' toxicity. In the 1 ma/k&/day croup there were three unexoected deaths. One f"emale died a~ter beinl doaed on dey 1? of' aestation. Another was f'ound dead on day 19, a~parently the result OT a dosinl accident. The third f'emele w•• f'ound dead on day 26 oT aestation (possibly abortina). None of' th• deaths were dose related end thus ere not considered sicnif'icent. All other 
f"i. . ..:i.,is were similar to concrols. 

All does were eaaminad daily f'or chenc•• in appearance, behavior end f'ood consumption. Individual body wei&hts were reccrdea on days 0, 7, 14. 19, 21, 25, end 29. On dey 29, all 
sur~4vin& f'eaales were sacriTiced and examined f'or corpora lutea, uterine content, and aross morphololical chances. 

The f"etuses were numbered in order of' their positions in the 
uter~s. Apparently viable ?etuses were weiahed and ••••ined f'or gross abnormalities. Each £etus was ••••ined visc•rally usin1 Staples· technique end its se• was deter•ined. Followina the 
~1sceral ••amination all f"etuses were stained ~or s~eletal exam~nations to determine mal£ormations and/or variations. 
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A. WATERNAL EVALUATION 
• 

The only three deaths in the entire study occurred in the lowest dose ( 1 mz/11.&/d•y) &roup. None 0., the f'indi:\jtS •t n~~~opsy indicated any relationship tc the dose level, but rather to .the process o~ ~osinz. 

Clinical Observations 

6t.oo.i. ·~nanz•s were observed in low end intermediate dose group anima~• but were not considerwd to hove be•n compound­rel~ted because the incidences were aiMiler to that in the controls. All does in the hizh dose croup exhibited stool ch~nzes. ·ase chana•• were statistically siani~icent end cons~dered •~4ns of' maternal to•icity. Another statistically Sl&Mi~icant sizn OT toxicity in the hi&h dOSe &roup WOS blOOd either on the v~lva or in the coca in 4/19 f'eeeles. (Table 2) 
Incidental f'indin&s included alopecia, lacrimation. scabs, nasal discnarae, vasodilation end decreased Motor control. All o~ these findinas did not appear to be dose-related. 

Precnency Rates 

The preznancy rates f'cr the 0, t, S, end ?5 •alk&/day croups were, respectively, 64.2%, 69.5~, 64.2S, and 94.?S. The pregnancy rates &ivan ere within acceptable rona•• •ar rabbits. woo and Hoar reported on 83~ preznency rote aMana those art1ficielly inseminated out of' 1142 preanencies in NZW rabbits.: A\1 does were ••••ined f'or uterine contents f'allowina·~eeth, mcr:. ...... ~d s.scrif'ice, "or secrl.f"ic .. ~ .. &••~•tion d•y 29, s.howin& the pregnancy rete is baaed on total number a~ f'emales in•eminated and not only on those survivinc until secrif'ice on a••tetian day 29. (Table 3} 

Mdternel Bodv Wei&ht Oeta [lEST AYIILAIL£ CIPY) 
Individuel maternal booy wei&hts were recorded on days 0, 7, 14, 19, 21, 25, and 29 of' presumed aestetian. Pri.2r to the dos1ng pariod (days 0-7), ~o differences in body wei&ht aoin were noted 1n any group. (Table 4) 

'woo, O.C. and R.M. Hoar, Reproductive per~armenca and spontaneous melf'ormotions in control Mew Zeol,nd Whita rabbits: o jo1nt study by MARTA, Terotolo&y 25( 2): 82A, 1982. 
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TAQl.E 2. ·1i"",(•l· 
Sa.ary ot' C11G1c&l. ObaerY&Uoaa 1a Doeo 

,.....~._,_. 

Dose ~~SlY~ 006937 Obaerva~oaa 0 • 1 5 15 

Stoo!: little, aoae 9/19 1&119 10/19 19/tt .. a~:~d/ or :~oft 

Blood oa .¥w va/ ia C&ce 0119 1119 0/"19. llttt• 
Voa.sod1l&-Uc;)a of' Ears 0/19 0119 0/19 1119 
Dec:rea.sa_d Motor Ac:~iYity 0/19 0119 0/19 1119 
..U~pec:ia . 5/19 3/19 2119 9/19 
Lac:rimaUoa 3/19 0/19 1119 3119 
Scab 1/19 1/19 2/19 0/19 
Ha.sal OisC::arge 1119 0119 0/19 0/19 
J.bortion 0/19 0/19 1/t9 2119 
Death 0/19 3119 0/19 0/19 

•Dl.ffe:-er~t fr0111 t::e cc:atz-ol croup at p ~ o.os. 
UOifferent tr0111 t::e ooatrol. croup at p ~ 0.01. 
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TABLE 3. 
SURI&r')' ot: Repro4uct1.ve Per•et.era 

o 1 5 T5 

No l'r-egc~nt 16 17 16 18 

s Pregnact S...2 89 .s s-.2 911 .T 
P'!eac Ho. -:::r;:10ra !.utu./L4tt.:tr ~3.£ 13. t i2.9 u.~ 

Mean No. l:~l~nt&t1oca/L1.tter 10.1 10.2 10.5 10.11 
Uo. !.:.tte:-!! E.x.a.: iced 16 11: 15 15 
~ieaa r:o. E:;:: r:; o C1 c Reaorptioca . /:;() .30 1.0 1.6 
P'!ean Ho. fetar.· Re~rptioca .90 1.1 .I&() 3.2 
Meac St.= be:- of Reacrptiooa 1.3 1 .11 

t ·" 4.8 .. 
!'lean ~:t.:t>e:- c,f !:)ea(1 Fetwtes 0.0 0.0 o.o o.o 
?:-e- :..:;::.ac:.a. ~:..ca L03S (No.) :;.6 2.9 2.5 3-9 
?:-':'- :.=;:~ o~:..a tl cr: l.03S CJ) ze., 21 .6 18 .II 26.5 
res~- r=.-: 2 -~'!tJon t..o~s (S) 12.0 11 .l: ~3 .0 :.z .t,u 

~~a~ ~ . ..::..::r- of L.we Fet.wsea 8.8 5.9 9.1 5.9• 
F"<.:L...~! Sex ;:C:t.lO (I .-.ales) 1.:5 .6 4.7.~ 1111.1 51 .7 

•:., .:.:· =~er.~ fra. the Coat.rol at p < 0.0~. 
••: ~ :·:(..;~e~:. fr-aa the Coa~ol at p < n . 0! . 
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TABLE 4. 
Sw:::aary ot' Hlltra&l Body Vc&tst <crua) 

Days ot' Treat111eats (!'l1q;ldax) Ce:st.ation Control (0) 1 5 75 

0 3!52 • 81 3798 :t.. 86 3854 :t.. 56 3999 ~ 91 (16) .. (U) (15) (15) 

7 4038 :t.. 85 3972 :t.. ts8 4019 ~52 .l(t81 :t.. ,, 
{16) l14) ( 1 5) (15) 

14 11151 :t.. 91 4049 :t.. 93 4083 :t.. •1 3659 ~ ••• (16) (14) ( 15) (15) 

19 ~270 :t.. 100 4153 ::. 104 4128 ::. 43 345' ~ SJ&• (16) (111) (15) (15) 

21 4316 ::. 104 4192 ~ 105 4171 ~ .. , 3545 ~ 96• (16) ( 111) ( 15) (15) 

25 4337 ::. 95 4225 ::. 102 1&238 ::. .119 3903 ~ e1• (16) (14} (15) (15) 

29 4363 ::. 86 4261 !.. 98 4280 ::.52 4012 ::. 82• ( 16) ( 14) { 15) {15) 

29Ub 3779 ::. 100 3685 ~- 95 3711 ::. "3 3605 ~ 88 (16) "(1'1i ( 15) (15) 

aN~:oers !a p.arer.tbe:s1.s C l equal n\111 ber ot' alU.IUJ.s used ill 111an. 0;)ay 29 U = ( !erm.) Bodv Wc~t- le.s~ uterus. placentas &ftd tetuses. •:.:..::<.:.-ent fret:l t.be Control at p _i 0.01. 
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Slotialicolly •'l"l~icont r•du~ticne in mat•rnal bcdv WllllSht• were observed in the h1&P dose ar~vp rar •••totional days 14-29 (Table 5). Also, wei&nt &oina in ~He hiCh dose &roup were s1antf"icently reduc::ed at some :inte~·vels dwr:i.n& end ~ollow1n1 treatment. Durin& the treatment (days ?-t~ and days 14-19), body ••J&ht losses rather than body wei&ht cains were ~ound. The t~t~l body wei&~t gain f"or the hi&h dose &roup f"or the ent1re &•statlonol period (days 0-29U) wen also si&nif"icantly rec~ced. 
In tne intermodiate araup (5 mg/k&/dey) the body wei&ht soin was signif"icontly reduced f"or aestationel ~oys 1~-19. Other weight variations in this group are not considered e:i.cnif"icont. 
Any chances in the weishts o~ does tn the low dose croup were· not sianif'icont, as the averaae body wei&ht of' this croup was never less than 9?~ of' the averaae body weiaht of" does in the control group. 

Maternal toaicity, as shown by a statistical!~ si&nif'icant reduction in -food consumption durin& treatment, was observed in tne nign dose ( ?5 mg/11.&/day) aroup. ( Teble 6) Followin~ treatment, e~i~ence a~ recovery was observed •• -food consumption 1ncreosed. This increase was sto: sticelly sisni~icent -for days 24-28. 

Althou&h sli&ht reductions in -food consumption were also ~ound in the intermediate group (5 •&lk&/day), these reductions were statistically significant only -for cestationel days 1? and 19. 

~cod consumption was very sliihtly reduced in the low dose ~roup ~oth be,are and during the dosina period, the reduction oe1n~ statistical!~ signi~icont only on dey 13 o¥ gestation. 8ecau~~ ~~•~e reductions also oc~urred be~or• the dosina period. they were nat considered to have been c'rpound-raleted. 

Ab~Jrtlon 

lnere were three can~irmed ahortions in the present study. Une intermediete dose ~emale on day 21 and two hilh dos~ ~emal~s on days 20 and 25 were ~illed becausu they were abortina. 

One oi" the t"emales who died in the low dose ar·oup ..,.,s thought to possibly be obortin& on day ~6. 
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'~'ABLE 5. 
Sw:zu.l")' ot Hat.en&l Wus&lt Gun (gmal 

.O&ys or -· TreatmeDU (MIIqljldaxl Gesta t..t.oa Coatrol (0) 1 5 75 

0-i 185 ... 19 174 :t. 211 166 :!. 10 1UC :!. 20 (16? (PI) ( 15) (15) 

7-141. 113 :!. 13 76 :!. 13 63 :!. 18 -522 :!. ,, .. 
(16) (U) (15) (15) 

14-19 120 !:. 1 5 lOS :!. 17 45 :!. 23 11 -20' :!_ 26U (16) (14) (15) (15) 

19-21 46 ... 16 39 :. 10 43 :!. 10 108 :!. 21 ( 16) ( 14) ( 15) (11&) 

21-25. 21 :!. 22 33 !:. 26 67 :!. 13 30ll ~ 37u ( 16) ( 111} (15) (13) 

.25-29. 26 ... 21 36 !:. 11 ll2 ... 16 109 !. 2511 ( 16) (14) (15) ( 15) 

0-2g:.J0 
-73 !:. 52 -113 !:. 64 -143 :!. 42 -393 !;. 28U (16) (111) ( 15) ( 15) 

a.Nu.:lbers ~:::. pareatlle:U.s { ) eqU!Il n\lllber ot ani~Bala used iD aan.. :lea•.· 29 U : Day { ':'er-m.) So<!y Vc.i.strt leu uterus, plaCiilataa ucl fetus.:. 11Diffe..-ent frcm t.lle Control at p _i 0.05. 
HIQ~fferent fra:ll t.lle Contrel at p £. 0.01. 
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The ,..._sults at· Cllllsoree~~n section, :inclucU.n&& overion, utertnsa, ~nd l1tLar dote, or~ pr111santad in Table ~-

· The mean number o~ corpor~ lute«~~, uterine impl•nt«~~tions, «~~nd the mean implantation e~~icianc~ ware co•o«~~r«~~bla ~Qr «~~11 crouos ea~mined. For the 0, 1, S, end ?S m&lk&ld«~~y aroups th111 m111on .,umber of" r~~tsorption!ill WIIIU .. IIIt, l"llltlllpectavely, ··1.3 (12.015), 1.4 ! 11 .4%). t .4 ( 13.0"), and 4.8 ( 42.6"). itua 75 ~~'~llk&/dcay values wjr411 stcatisticolly sianif"icon&ly hi&her (p<0.01) than tns c~ntrol values. EAcept ~or the number of" re•orptione in the hii"' do~e group, the results compare ~ovorably with control data 1n NZW rabbits comp~lad by Woo and Hoar.• 

Tne mean numear or live ~etusca~ per litter w~s e.8 (co·•tro~). 8.9 1 mg/ll.~~t/doy). 9.1 (S ma/:~oald«~~y), on~ 5.9 (J5 mg/kg/day). The nian dose aroup had • reduced numbar a~ f"etuses, whlch is statistically ~igni~icor.t (p<O.OS) when comporad to the control group. 

~- DEVELOPMENTAL TOXIClTV EVALUATIO~ 

Fetal Data 

The -Fetal 
1n Toole ;3. 

As noted 111arlier, only in t~e hi&h dose group was ~ >lg~ltLcant c~ange in the l•ttGr size observed. No de~d retuses ~P.~e £ound in the control or 3ny o-F the treeted groups. Also, no .. .-.r·.ot1on11 1t1 f"et"l '!lex ra:.ia were detected. 

Only i~ tha 75 mg/kg/d«~~y aro~p was o statisticaliy Slgn1~1cent reduction of" M@on f"atel weight observed. The male +et.,J wet1ht wos 3~.7 grams l p<0.01) and th2 f"emale ¥etal we1ght -~s 35.3 grems (p<O.Ot). These values wer~ eompor~d to 46.1 groms ; mdl"sl ~nd 44.0 grams (femalus) ~or the control fetuses. These dAt<l er-. shown in Table ?. 

2 Woo and No~r. op. cit. 
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P::·ararneter •) 

::';;rt.;;l Wen gnt Male ~c:.. 1 
:::.~'t a • we1gnt Female .. ~. (1 

Tr~r•t.motnt;;; 

1 

~4. (• 
4::. -•· 

itr.gt log/.:S.ay I 
5· 

4:.= 
"+-:. 1 
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--, ... 
.::5.7• 
-=~.6· 

-~lfferent from the control ·grouo .at P-0.01. 

~EST lYAILABLE CIH ~ 
The rev1ewers 1nvest1g.at~d • oossicle increase 1n the nurnoer -- runts <bodv w•1qnt less 1:.:-.e.n ::~ .. gr-e.t1US) 1r· 1:h• tr•ated gr-cuc.s. 7,.. .• .P:.:-.c:ungs are cresented 1n -:.ne t.CJ.ole il"' ~ttaC:hlftent I. A c~~l:'"l1t.e 1ncr9ase was fc~l"'~ 1n ~ne h1gn o~se qroup. A sl1ght :.~:rease was 4ound 1n ootl'l t.~e i mg/~g/d*~ •nd ~ mg/kg/day - ;:;.-:; ,_,ses: ,..,owe"'et•, no 1 nc:r ~r.ase o ... ·er cor.tro;. s .... as ? ound 1 n tne ,.,_·ml:i.:tr· o? 1:;. t ters conteP1n1 n9 r ... nt.s .:cr e1 ther o.f thes• two ~raJ~$. Sa~en Of the 9 ru~ts IM t~e 5 rng ••. ;/oav 005. grOuC ~ere :.:-. very lal"'ge l1tter-s cc~t.•Hr.l'"·'i ll or- 1.: f~ttus•s, wl''UC::"l c-f~em re~ults 1n low b1rtn w~tight. T~e otn•r ~ were in a l1tt.er c:~s1st.~n9 cf 9 fetvses. ~jd1t.1onal c:~lcu:•t.to~s 9a~e t.ne ~•an --:.=-. :.tter .... eu·~l'lt ;com~lr.~d ... ;;n.;""'~~ oi ao:i i;:.t'-'s~s ::.n a ll~t.e.­E-==•= .: . .:..- .:::se le"'e~ .:1·-u:e.::~ :;;. --..::~.io.l "·u:noer of l:~.tt.a•·sl -or ==~~'--~ b~ :E7.6 gr•~s ~~c t~~t. ~=r ~~9 5 mgi~g:~a~ grc~~ tc _: ::-.;~ ~~ams. 

~-~~ tMa fet.~l 

l":a~.-•. t.&r#to.icgl:ts •ch~O:•-~• tl"'e l1-ct•r aocroacn 
•op~oacr; 1n r.an~itnq statlst1cal dat~ for :=":~·-;;.-.:,-• .; i;,.,e e+~ctc:~ ;Ten eqar.t:.::J-~ ~.-,;.:,,-.-atlor. -rr-o.-:.. · •~••·=n•rs ~orJ znq ~1th ~ew Z•aoia~~ wn~t.e P•bbtts ll"'d~c~ted t.h~t :-;:;. .::c.:··t ... -:.:: ""•ll.t&S o,; 4 .-ur-.ts ;,r; _.of lc: l1t.t:~rs was I.IM..l:0'-•~44v !".~.;:"\ C.t"•C the pr-oblem mtght Oe wlth ~!"\& l":te:nt.S S~o.•OClte.J fer tr"lir :: . .: .• ""1tnout S·_.cpc:r't. c~ c-.:.-.e,- s4gr-s cf ..:&~c-1 -..c. 1Clt·v •t -:r-.e ':: .. _ . .:;:c.-v dose leve~. tne .-avlw•"ers C:l:"'.::iucot t.n•t. ~.~~de•· t~"·~ ==•~ltlons o~ t~1s stud~. r-c ~.:log!c.ailv s1qn1.,;1~•~~ ef~e:t. c~ •:-•:lne on the fet~s at t.~e 1nt.er"*~~~t.e .::os~ ievel ~s evtoent. 

:. . -: .,.. . ..... . . Choac:e cf ~w~ce• 
:s:--:s&, ~c;7~. 

St~~ie,, ~.E., and J.P Haseman, Select1on o~ ~pproprt•t• e :e··1mental un1ts 1n ter.atology, Ter•to;,logy 9: :::;9-~60, 1974. 

~ ~e1l, C.S., Select1on of the v•l1d nu~ber- of s~mpl1n9 un1ts anc consldE!'I"'atJon of th1t1r comb1nat1on 1~ tOK1~ol091cal stud:es 1"'volv1r-•g reproduc:t1on, ter.atog•n•s1s or ca~rclnogenes1s, Food .ana C:::.sn-.ettcs To:nc:olog~ 8: 177-18:, lG'7rJ. 
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Mol~ormation end Variations 
• 
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0~ tho 489 ~etuses produced in this study. two were externally mol~ormed, one hod o visceral obnormali~y. end one hod o Skeletal m~l~ormation. (Table 8) The e•tornal anomalies were O~phalocele (control &roup) end •blephorto (hi&h dose &roup). The only visceral mal~ormotion was the absence o~ o &•llblodder in one intermediate dose ~otus. The only skeletal mal~ormotion was 
~n one control ~etus which exhibited ectromelia. All o~ these were considered spontaneous end not dose rel~tad. 

A sli&ht increase in skeletal Yoriotion was ~ound with increosina dose levels. The parameters most increased were those concernina delayed ossi~ication. The hi&h dose aroup hod stdtisticolly siani~icont increases in delayed osai~ieation. These ~indin&~ ore indicative o~ ~atol toxicity secondary to 
~~v•re mot•rnel to&icity, o conclusion consistent with reduced ¥etol body wei&hts in the hi&h dose aroup. (Table 9) 

Discussion 

These reviewers ore in aenerol oaraament with the more important conclusions o~ this study. Tho moons end standard deviations were ~ound to be correct o~ter spot checkina. 

Administration o~ technical otrozine to NZW rabbits ~rom days 7-19 o~ &•station resulted in motarnol toxicity durin& the treatment period ot doses o~ S and 75 •&lk&/day. Doos in the ?S mg/kg/doy aroup did not recover from symptoms o~ this toxicity 
durin~ the period o~ter dosina. Sian• o~ maternal to,.~city in the intermediate dose aroup were decreased ~ood consumption and decreased body wei&ht. Sicns o~ maternal toxicity in the hi&h dose &roup included blood on vulva or in caaa, decreased ~ood 
~~r.~~-;t~~n, abnormal stools, ~n~ ~ecruosad body wei1nt ond 
w~i&ht &oin. In the lowest dose level (1 •&lk&/day) no dose related toxicity was observed. It con be concluded that o mdternal NOEL in rabbits con be set at 1 m&lk&/dey. The maternal LOCL in this study is 5 ma/~&/doy. 

The increased number o~ resorption• in the hi&h dose croup was statistically siani~icont and was not ob•arved in any o~ the other croups. No deed ~etuses were observed in any o~ the aroups. 
~etal weiahts were normol in ell croups except the hi&h dose group. In this aroup the wei&hts o~ bath tho mole and ~emole Fetuses were si&ni~icontly reduced. No compound-related mdl;ormotions were observed. Skeletal variations, especially delayed ossi~ication c~ appendicular skeletal elements, were Found more ~requantly in tho hi&h dose &roup. Embryoto•icity ond ~ototoxicity in the hi&h dose aroup w«S considered to hove been secondary to ~oternol to•i~ity. These r~viawarc oar•• thot the developmental to•icity (embryo/~etotoaicity) NOEL in rabbits is 5 ma/kg/day and conclude the LOEL is ?5 •&lk&/dey. 

\ BEST AYIILAILE Clft] 206 



006937 
005'3 

• 

TIJJLE 8. 
SWIII&ry or Fetal Halronu Uoaa 

Ireatmuu <M/kl/dax Location .. Parameter 0 1 5 TS 

Tot&l N~aber or Fetuaea 
ElCI.IIli.Ded no 1211 136 89 

Tot.al Nt..aber cr Litter:t 16 '" 15 1'5 
Exac:iaed 

External 0:11 pb alo eel e 1 0 0 0 
Ablepbar1a 0 0 0 1 

Vuceral Gallbladder-Absent 0 0 1 0 

~keleu.l Ectramel.1a 1 0 o. 0 

TABLE 9. 
Sum::~ary ot Fe t.al Skeletal Variations (by Fetus) 

-------· -- ----- .. --------------~-----TreatiHnts ( IUlj( k&l daxl Parameter 

N•="'•'" or F'et uses vi tb Varia Uoas 

~:u::ber of Fetuses vi th Vanauoas 
Excl udi cg Forepaw and Hindp&v 

0 1 5 75 

80 99 75 

92 76 68 

(BEST AYAILIBl~ C"'] 
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Treet111ent 
mc/k&/dey 

To tel 
litters 

• 

llele Runts 

F'e•ele 
Runts 

r ... -.,.1 
Run.ta 

Humber o~ 
litters with 
Runts 

At t.ectu11ent 1 • 

0 , 

16 14 

1 4 

3 4 

4 8 

4 3 
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OOel ~~ 

s 75 

15 15 

? 

2 12 

9 21 

4 
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UNITE:O STATES E:NVIRONMENTAL PROTECTION AGENCY 

WASHINGTON, 0 C :0:0~60 
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orr,cc or 
.,CI'rtCIOCI A.,O TOIUC lv8STA .. CC.lll 

s·:5...-::::-: · ·A:ra:in-e - CX:?a:"l:/ R.~S?O!".Se to ':'oxieo!~ 3=.a!'lch R~;.·ie· .. ·s of the 
;a: a~d ~abbit Tera~ology St~dies. s~~~itte: ~4rch 25, 1988 by 
C~oa-~i~· Coroora:ion. 
rox. ara:lC:h Project. No.: S-Q744 'l'cx. c::e~ •. No.: 63 

~: ?.obert Taylor 

FRO~: 

Produc~ ~anager 125 
?.egistra~ion Division (TS-767C) 

J..:dith w. Haus.·irth, Ph.D. )..4J4i<- ~·-
S~::tion Head, Section VI J 

:-oxicclo;y aranc:t/HE!:> (TS-769C) 

!~eodore ~- Farber, Ph.D., Chief 
Toxicology 3ranch/HED (TS-769C) 

A=:ion ?~Jes~ed: ~~e~ine Whethe: ~;e SJ~it~ed data jus~ify upgrading ~e 
Core classification of the rat and raboit teratology st~dies on Atrazine from 
Core Su~~le~~ta~ to Core ~i:"lim~. 

l. R~=:~ 7eratolocv S;JCy <~:d 495663•01) -- as Core 5\.:::>plementacy pe~in 
~ 

the purity o! the teehnieal 

0 ~3t :-~ratol02i' St:Jdy (!"Jt:!:D 405663-02) 

~~is stu~ was classifi~ as core S~??lernentary pe~in~ s~bmission of t~e 
?~:::yo: che technical proe~ct and since a NJ~ for r~tin; was not demo:"lSt:a~~. 
:-;.~ r~::s~:ant has submitted in!o~a~io~ indica~:ng t~4~ th~ pJrity o! the 
t~=~~:::: ?ro3~C! •as a?Proxi~ately 95.7\ an1 t~s:orica! cont:ol data to ac=ress 
t~~ a~se~:e of a NJ~L for r~r.:::"l~ in t~e st~dy. Th~ ~~storical control data 
::o:->= ;..·:.-:-: t'l~ i!i=i :5enc~ of rur.ti~ i!l :!'le stud:z· are s::.t:l!rize:5 in the fol!o;.;i:l~ 
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2 
3 . .. 

• 

0 

':~. c: =~~~:.as ~o-

"'·"" 
··~ -= :-..::-.~-s 1(0.312 ·''-''" 

.. "' '-· c: , .. .... c. .. -.4-----;: 23 

··-,~v· of lit!e:-s .. ~ ... ;.. :unts 1(4.3) .,..,.:_ .. 

::>osa.::-:: c: o.;;-· 
(;n=IP;.::) 

10 - . 70 

3~0 ;:: 

5(!...;) "'(::.:Jl 

23 :s 

3( 13) ~(l6) 

i00 :us:. Cor:::o:l 

E'7 s-:-::.2 

€5(9i) 9C·t:.:i3 

5 663 

5(100) 65(9.8)4 

;)ata frar. 25 stucies were si.lb:'l'.ittee. oa:a !ran one stucy, cond.Jcted in !98:., ~as no: in~:~ded by this reviewer. Only data from studies cona.Jcted fr~ 198.2 to l9o6 are s.:.unarized. '!he study ur.::H consideration was dated l9o4. :: .... -:-~rs in pa:enth~es are percenta;e inc:.::~nce. 
~an~~ = 0 - 4.0\ 
;:;a::~e .. o-~5-3\ 

7~~ i~~:de::~e o! bo:h runts and litters Wlt:: =~nts ~as wit~in the historical =o::~rol ra::;e :or the l~ anc rn:d dose or~=s: h~ever, for both of these ~ara~:ers a::= cosaoe ~rcuos the in~iden~e ~as sliah~lv hicter than the me~~ ~:stc::~a! CO~~rcl val~e. ·7~e CQnCJrrer.t control values, on the Other har.c ..;e:-= :or.-· ·,.·;:e;. ::cr.?are:: to the historical C:)r:::ol r.'l<:a:: values. This n:;ie..-er ::::: ::-.a: t.:-.-: :n~:.de:-.ce of runts i!'l t::e lo..; a::-:d mid dose grOJp of this st.~.:::Y :3 ~~~ ~:ea~~~~~ :ela~ed, based upo:1 t~e s~b~~~t.ed historical control data a~d :~€: co:-::--...ara-:i·:-:ly l~ con~u:-rent control values seen in the Atrazine study. =~ ===:.~io~, ~~~ i;.~rease over control values :n bo~h t~e n~~ber of ru~ts a~d :~E ~~~be: o: ::t:~rs ~ith runts was not stat:stically significant at the l~ ::: -:::: d~se ::_.· F:.s:::-.er•s Exact tes: at the Q.'J5 le\•el (Statistics done by :~is ::-:=·:: e..~e: J • 

. ::..: ::-_.:: r-::..-: d:)se, there were statistica:l·: s:=::::.::a:1t i:"'creases b'.r ber-n fetal a:::: l~::~~ :~~:d.::~=~ in s~eletal variations i:"':::ca~l:"'g delayed ossification. r~ese :~:.~:~~: s~~:l not cornpletely ossi!ie:, o:e$~~e:"'oid ~ot ossified, t~th r.ot 022~.::-=-::, :-.:::a:::::arpals r.ot osslfiec, ~ta=a::;:..::.:.S bi;:.c:r~i':e, an~ distal ?!iala:1x :-·:: o2s:::E::. :-:-,e i!'l::idenc:s of t;.ese e::e::-:s i:"' tr.e co~trol a~d lo.. cos<: ==o..:p 

.... St:Jdy 
[~t:ST l1AILA8LE CIPT) 
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- 3 -

~at Terato.!o.;:· Stud',-

~ne core grad~ of this study c~~ ~ raised to Core ~ini~urn. 

oe~~lopmental M~EL • 10 mg/kg 

006937 

006937 

De~el~ntal L!L._ 70 mg/k~ oasaj u~ an inc:eased in:idence ~ skeletal 
variatio~s injica:ing delaye~ osslfication. 
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·~ -~~•t.oioqv 5tudw ol ~tr•:1ne Tec:hn1c:•l 1n Cn•r-les ~1ver 
~•ts" 

Fr-c:)j•c:t r.;o.: 
~•oor-'C. &>•~•• 
St.u4v lh rec:tor: 
E~~ ~~=••s1en ho.: 

7n• S•f•t~ Ev•~u•~1on Fac1i1tw, C:S~-G~l~• 
Core •• Su~~lt. New ~•rs•y 
o•:·-e4 
9-ll:i-84 
f:.oeer-t 1\i. In-tur-n•. Pn. D. 

i'1ttl1j OO!YJ 00 g 
G•r•id1ne S. ~•n•or-d• &.~. 
~•1•~• & M~r-q•n. &.A. 

, -, /--
C/<~1'' ...... f. 

The ~~~•tv ~v•luat1on ~•c:1l1tv. CtBA-GEIGY Cor-p., Summ1t. 
Ne ... :~rse;-- • .::o:::ndo.~ct•d t.l"'lS t•l"'atoJ.oc;y st.udy o4 Atr-•::1ne. T~tc:nr.tc:.ri. 
1n CM•rles R1ve,... r-ats dur-inq the f•l! of 1~9-t. 

--.-. -·­·- .. .-~ . - -.: ..... 

:t 1s :orc~L~s.:: t~at 
:.a:'""· .• :-;.~ 1.., r-JitS · :.::.:.-G::!Gv 
r:. - ~ .. ·= . . -..... :-.; : 

tr-·• t•r-•t.ol 09"" 
Co•·c:o.-~t1 on. • 

st.uo~ o~ •t~•=l~a 
~o-a~~ ~e~~ns•r-a~c~ 

; ;J.t~.- ... ,.; No .:ii:Hr. ....... ,., E-if•.:-e -•"'•l \:,;QEi..': :0 m:;'"'~'~.a. 
:~ . .tts··~.,i f...o ... ewt. ·=-o:•er- .. •a E••~=~ ;_th'el :._:;;:..1::-•: m9:~g,c~.· 

1~~~~ ~&lw•s •re rasE~ c~ • st~t~3tl<:all~ slg~1•1cant dec~·-~~ .. 
t:.::~~ .... 19!"'~ 9•1n C:ur-1no; the i1rst. n~li of t.ne d~Sll"og per-1o.:; .an.:: :. 
E~~~-•ti,~li ~ s1qn1;~~~-t r•c~c~1a~ ~,... foe~ .::~ns~~0~1on •o~ ~~~ 
~.~~- t~o d*.~ cf oioo;•~t. ~d~1n1~~~~t:on 1n tne 7~ mg,l;/da"' o;~o~:. 
·'"·:- .·.;;:.r.·.-.a: ,T .. ;:.~·t•••~ ... ~- tr-•e Ml; .. ·•s·.; dos• t.est;,.a. 7(•(• "'9···9 =•·. 
w~~ -7.E~. me~l"q th&S g~ou~ u~S.,tlsf•c:tor-y for evalu•-e1on. 

(•ut lUllliL£ em] 
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Tnas v•lue as b•s•d en a thr••-~old an~r•••• cv~tr :on~. oi~ an thllt numtutr- c.f•latter-s ~ont•1n1nq runts. No hlstorac:•l c:.;;:.nf;.rol ca•t• w•s supplaed ll't U"'llt repc,..t: to snow 1 f thllt control c;r,..cu~ 1 n ttu s po~~~rtu:ul•r ctudy llt:O.:PIItrtenc:lltd .;an unusu•lly low r•te o4 runtang. 
~rom thllt d•t• .furnasneo, und~tr the c:ond1t10ns o4 th1s study, a OeviPlopment•l TOlClC:ttv NOEL cannot bllt set. 

Test m•t.:~rialt 
V~thac:l•: ~% aou•ous corn st•rc:h 

0. :7.. TwiPen S•) Oosag• lev•lsa o, 10, 70, 700 mg/kg/day Feriod o4 admanistr-atlon:Oays 6-lS of g•st•t~on Sp•~1•sz Ch•,..l•s River- CO rats 

c:ont•inang 

Th• protocol used in thas study was in ~oeplianc:e with those rec:o.m~~tnded in thllt Standard Evaluation Proc:~ure <SEP>, Teratology Studies <EPA-~40/9-85-vlS, June 198~». 

Atra:ane was aetminastered onc:e da1ly by gastr1c intubation to f~tmales aated to males of the sa~• stra1n. The study was. composed of four groups and the number of ?emales per group was :Z7. Thas nuMber was mer• than adeouat• as the m1n1•um r~tcomm•nded number is :ZO. The or•l route of d0s1ng was c:hos•n because cot•ntaal hum•n lltxposure as by thas rout•. 

tio•ll"Q C'I'.:Curr-tt<S-daaly 4ll'"d """''!! ptiPrformed on d•'l'·s 4/:t t.,rc:ugt- 1: o+ pr•sumed gestat1on, th• p~~trlCd o~ oroanogr.11ts1s 1n the rat. Tn• cay of •at&ng was determ1n11td by thllt pr-esence of sp~~trm in the voaQ1noal woashanc;, and was desagnoa1.•c: as day "t:.•• o4 gestataon. 

Id•ntif1Cation of andavtdual rats. housang, food, water, envtron••nt 9 quarant1ne tame, and group asstgnments wlltrllt of standaf"d expef"&aental d11tS1gn. Ootnng was perform•d .lLS tndtc:at•d 1n Toable 1. 
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Grouc 
numtutr 

tcontrol ·. 

.. 

T .. clw- 1: Oos 1 nq sch•dul• 

Number of O.av<a o<~ 
<~•m•les tr••tlft4tnt 

:7 6-1~ :7 6-lS 

-· 6-lS 

-· 6-lS 

006937 

Do•• 
<mg/~g/oo~~yl 

•) 

1•'.1 

in• control grouo rec•&vllfd 10 ml/kg/d&y of ~% corn st.~~-c~ c.::r.t .. 1n1n9 ..:•.Z~. iwe•n 8•:' wn&cl"' ~o~.as • volu•e •qutv<l!l.l.llfrtt to t~6't r•ce1v•d bv tre.at•o r~t•. ine volume o~ susp•ns1on o~ comooun~ 
Qr· ventcle to b'lit •dml:".lS':.ere.::l to e .. ch ant••! ... .,.,. det•rml.nllfd bv 

: .... 
A.::c:Qr~u..,q -:.c t,..• ;::;..·. t-.e hlCJhest dos. of tl"lr .. dif.P•rent .a-,·els S"''oul.:: lnd .. ·c• over-e ~~'••tern.al tox1c:1tv but not mor• tn•'"' 

10~. ~ .. ~•rn.,l cea:M. 7ne h1qnest dose in thts studv does not meet 
t~!s requ1r•ment •• :1 of ~'"'• 27 ~em&les died during gestat1on • 

.::.11 dams w•r• o::lserved d.ailv for c:l"l.anqes in •co•~r.al"'cl!f •n.::t 
::e:-:-·.·~or. C'em.aa:es .... ..- .... 121':/he-:1 on days 0 1 o 9 1<':) 9 1 ... 16. cr-:! :.;. 
-- ;~::":~~;.en. ;: ,:,cc '= ·~r"tSt..•;T,:.-:. 1 Ot"\ m•••ur-ttm•nts ... •r• t .~~t• .,., de!~.., .; o-­
;•~':.~tlQn~: d;vs ~ :.:: :~. ~~ d.av :~. the sur~1~1n; aa~s -•p~ 
s~=-l~•~•d ~"0 ne~r~:~:&:. ~ aet.a!lea •x.am1n.at1on ~nd re::-::r~ 
••• ..-~ ,T,oJlCa o~ tl"'e uterLr.e c::.rtents. Th• .Pem.-les were e·:annne·:: -c:.­.;··.:$!1 r::.•1:noicg .. •'"'d ,;.nv "••i:e.-n.al qross lesions wera e::ctsot:: ~.:·­
-r. l c:: •• :. 'l ·-:; :J! c .:! .·;. " ... t;. ;,,'(.,): •• 

~'"•• -Pet .. •••• .... , ••. -.;.>Tt::·era-.:: 1n orcer ol th•1r ocsttlO'H' l-· ~=--• 
u~e·-·-•S lr-om the cvar1an ano o+ tne le-ft horn to t:n..t O'V~rl_..,.., e,..c: 
C:~ ~~- r1ght ,Or'Me ~QO~'it"~' o Vl-~}tlt fetuSeS ~•I"& w1t1;~a:: ~~= tr-.a fetuses e:<.a•T.l~eo _.Q,.. grc:ss .a!:>normaltt:.les. &.tporc::l"·•te •. i•: o..: -::.r.• .Pet~o•S.ltS ..... - ..... .rc ;.:,,- ,•lsceral e::.amtn•t.lo:-. .ar.-:1 : ·: .... ,- .. 
:··•o•r•d for s.e.-et.-.t •.. ::~::na:ton. 
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F.ESUi..TS 

.:. h;. ~~ ,.. •. t .. 
m~·~g,o~~ qrouc. 
r.;c o~~t•tns .... ,... 
a·· cues. -- ~-

a• mat•rnal o••t~ 
Th1s ~•s 77.9~ c4 

an 
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c:11:7> occurr•a sn tho 7(») 
the +•m•los 1n th1s qrouc. 
control. 1•). or 7(• mq/~ c;/oa"· 

ro~o l!'oat:.•rr .• .t to:<l.::ttv ... as ctHutr-v•d in th• contrcl q--ouo .P~d t~a o~ly t~~&c: szqn r•corded 1n th• 10 ~q/kqld•y qrcuc Has rales 1n one doilm. ~it~o~9~ .. lco•c:za ••s stat1st1c:a~l~ S1qn1f1c:•nt 1n t~• lnt•rmv~:..~t• ;rawc 1t was not c:ons1der•d to o• bzoloq 1 c~liv 51Qnzi1cant s1n.::• At ~s commoni~ obs•rv•d zn centro~ an1m•ls at 7n• Saie~v E.aAU~t!cn Fac:1l1tv. Stat1stzc:ally szqn1f1c:ant SJ~Ctoms ces~-v•d 1n the Mzqh ~ose <700 mq,Lq/day> ~ro~o 1nc:;uo•o: sal1~atzon zn l:/:7. oral/nasal d1sc:harq• 1n 1=1:7. Ot•;jii:0.9 1n ll.':7. swol~an .alQCQinens 1n 9.1:.;:7 and bi.O::Id on the vulva, 10: 7/=.7. In.:1o•nt.al ,;,noznqs 1n tf'us group znc:lu·::!•d aloottc:z.il .ana sw-:;~ ... ~ 1"t1r.~~-;. ,-:-.t.~· =i 
~t nec:rcosv ~1;~-~ose +•~•l•s were found to st~tzst1c:~llv elevatoa !nc:rease tn enlarged stomachs e~larg•o adr•nals <1=.':7). and dzsc:olored lungs <=1:.::7>. 

h-11.... • 
c::e/:7,, 

-:-·-.e .::,··e-;-·3t-.::. ~-r-:es +c:,.- t."-te ,:.. 1('• 7<~. .,.-,il 7<~·-· ~r:c; ... ; ,:.,:. ... ;-.:.'-tCS ..,_.,-.. ,-4PS01t~~:.,f!!Ly. C:;.~;:. 85.:Z/., 9:.ai .. af\c ~e.::/~. 7ne ~~•9~~~c:~ r#:•~ g&vo" aro w1~nln •c:c:eQtable r•ng•s for rat~. ~oo .;.-: ,.,oc>r r•cc:•·tec: ;;.· ;.:.·. e;r·•gr-.ar"C: ~ r.a~ot f :::t· :..;.;.:::: ed di't"'. C~"• :.::.~;: =~•ri&~ ~1•*,.. c: r~~i ~~ co~~rol stud1•s.• All ~em.a!e~ -ere ~ •~l~•~ fc~ uter~r• ccrtent3 ;~llowtng early =••th cr sac:r~~1.::e C:·'"· g.:-:taotlC:.-· o.Jtv ;:.: • s-·:.•~1r•.; t~• Qrl!-~n•nc:v r•t• :..;;; c•aed en t.:-::.a1 ~~~ee- c:~ ••M•l•s ~~~~~ ~na "~t only Or" t~cse s~r~1v.ng ~n~.i 

- .. - .. Vfr ... . • 

:r . .;; • ..,.o..,.;.. "•~>t•·--41l ;jCd, w•tc;nts were r•c:a,..:led en .la .. s •.·. o. 1~. iS. •"~ ~•~ :~ ci ~resu~eo gestatzon. 'Tacle 4, 

&woo, o.:.. and R.M. Hoar. ~eproduct1ve p•r4ormanc:e and spontan~ous ma!4ormatlcns 1n c:o"trol Ch•rles ~1ver CD rats: • JClnt stuov ov M~RT~. Teratology 19: 54A 9 !97q. 
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F~aor to thlliP oos&ng PlliP~lod, no dl~+•r•nc•s •n body wvaght ·.9<~~&1'\ wiJIPrll' notll'd sn <~~ny qroup. <T<iiblll' ~) In tnv low CIOW.IJIP group • .a st.#ta_w.tac:~lly saqnl<ftc:ant &nc:~•••• an bOcl'!f ••ungnt. g.aan w.as found dursnq cl·ih1ri e-Ju o+ 911t'lllt41tlon. In t.hllt ant.OPrmttdlott.llt g~oup. bodv wttaqnt g•ans ~•r• saqn&ftc:antlv ~•C:uC:II'cl durtnq t.hll' &1rst h<iilf of •9•"~ •~manastr41t&on lddlyS 6-101. Statastac:all- sa~n&fl~ant 
··•.: ... .:t&ol"dli ~-. oco ..... aghts .., .. ,.., otnutr'-•d an t.l'lllt ha~h dos• grouo -.::,.~ .• .:3~•5 ;.;, 1.3. dii"•Ci :•:0 of 911tStdlt.10n. <Td>bllll- o4) Tl'l41t bodv ,...IIUQht. in~n~~~ts fc~ t."e ~~9~ dOSllt ~roup ..... ,.. •iso ~lgnt~ac:o~~nt.ly reduc:•c .:o,.. gest•-:•.:-,., a .. ,,. 1•.•-:.:. 1.;-xa. :e-:.:•. •net .... -_._ .• 1T•cl• ~> 

l'i~tt••·.,,.;. ;.., •• - ""lliP191'1t.s an t.he l'l&t;;n dose qrol.•P ... .,. !119.:"·l·:..u:.lll"'".:l., r!IIP.::Su::•.::S: no ... .,..,.,., thus .. ..,15 no-e c:ontucler~~tel ~~clo~1C:al~~ ~1gn~•~c:ant bec:•use no St9n1~1c:ant dose-r~J~Plat.vo ~~·~•renee~ ~•r~ ~ouno ~or ltver loOfliPlQMt as.,. p•..-c•nt~g• of tftlliP 
·o,p-.· :.:• CICidl.· ... 41'f!Q:"'It. 

Stattst!c:a~lv »l;~t?tc:ant ~•duc:t1ons 1n +ood c:onsumptton .... -• Ob~IJIPrviiiPC: 1n t"IIIP ~19ft des~ (7(~ mg/Lg/dayl g~~uo durtng th• CQS1~9 a~d ~ost-dcslng ;e'!Ods. Th1s xs con~~a~red • s1qn of sev•~• ;r,at.IJIPrn.al to. ~.:1 tv. Th• tntermltdi.attt group {7!) mg.llo·g/day) ~:so nac ~ sx~nt~te.a~t r•d~C:tlon tn food cons~mot.xon for the ~1~st two ~.a;s of c:omoound adm1nistrat.1on fdavs band 7). S~.atl~t&:allv s1gn1~1=~nt 1ncreases 1n food .:onsumctton were ~c•ervttd c~ ;•st.at.~on oav 9 in t.htt low dos• grcug and on g~st.at1on.al ~av 17 coost-dostnq> 1n the 1n~ermvc1attt dose grou~ • • -:- ... ~~- O:i 

-;-,. •• , ..... :.-:.!1& 
& .. ttotr c.a-:.A'. 

.:~ =~~qrea~ s&C':.lon. tnclua•r~ •r• or•s<~tnted tn Tacl• -
:- ... ,.. ,. .a>.an ,.....,,1'::::111'·· 

,. ;:. ;& ::r·:: t l C'"• t! • I#~.:: II'Uf ~I" 

c~ cc~~~ra l~ttt.a. ~t.a>rtre 1"~!~rt~t1~~: anc 1 m::..1. antatl on GP+f 1 Clttncv ........ -=o•nt:.r!""@O!. e .Por­~=ceot for some Cltscreoan::es ~O~"d tr ~·~~ ~~- t~ .. ~·;~ cese ;~~JCo T~•s• C~SCI""IJIPp.ancl&S ,. ... ~ tQ ~-·~·~ ~ .... ~~ :~~ ht;h n~;r,~sr c~ ~~~.~~.: csaths l- thlS ~rowe ~~~ ~n• ~•~tow~ t!":""•-ifS Cl~o~r:.r.; pre.;r..;>-.:· • .Pt h'"11C:I'I the ·~•croo!P,· .... !i c•-·c··m•o. Tl'H!! 
-;:.:.;:j•"~IJIPd r"<lt\1,..:•-'! c:.::;•:..r··IJIP ..;.;;...,c:.r.abl, ... lt.~. C:O~"•t.r·c4 d+t.a. l.i'\ C,..,.;.,..lorS. ~:~~- C~ ,. ... ts c:o~c!;ea c~ woe &~d ~0~~. 2 The mean num~er ci 11~• ~;:.~~SIJIPS CIIIPt" ;lt~.,.. -.a.s 1:.7 lc:ontrOlJ, 1:.7 i10 ~Q•~gl ~-.V 17~ •=-·~ ;. :. ~ t ;-.: .· me;. • g) • 

lt.Sl l1llllllE ttn 
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... i! r.c~~d 

,, J.. s. eo .s .,- ,. •-= • ea'l~•~- no 5lgn&Jtc~n~ cn•~9• tn t~a :att~~ ~~=• No .::I~<ICI •~tuS#/Pllll ..,,.,._. ..:oun.::l ':"'1 ti"'4P can'l:r"cl. to ... :::-.r~erM*~:at~ aose 
·'!I'~~S4S t• ~~9 ~A~e 

9,-Co.•;::lll. :,- ---

='!-:J. ·-w~,;l .... ~ 
="--:a: w'!l'l.;,t-~ 

.. :·-

& :. tter wet•e 
i:.":..~'t.·~ 11"" 

•curo ;:••=· 
"'""" 91'" :.u::. 

1 c;:r.ams l 

-;-, .... '.:1'1\0lt'"'t:S 

l·) 

":. -.~ . .:.· . 

'-c;'• <; Cl~ ... ) 
';(; 

- ' ..... l. 9 ... 
1. E• 

1-

-":~~~- fAfritl;' .... t.!l 
7ntHUt • •. -•..tHE a!""e 

.. ., ..... -.- ._ T11il: fJtS J a,ru: :. :_ ~,-:- : 
~~c~e ca~~t!e.::l c. ---.:a·, -•\..·s-w-:: ,:.~ .;ra·'!"·S :tt 7:-.e ,..,;.;,., o~ac. .;,-:_.: =- - ~~=~!§'I:.~C•i:v S!;~t;~=·~~ CeC~§~9e tn f~t~i wel;-: 7·,.;. we!q·-.~5; .,.. • .-,. i.:. ;:'"'•··s. ';,:r .• ~ft!l a.r.: 1.:. .;~-;-: 

l ,., t --..;. .- ._, .':". : : .• 
--::: 

.;·:. __ , .. 7"1.;f ~ ... '! .. - t§ =·"!' 
- .. - :. :r .. ~··:t-:. .. 
... ·::.·:~:. r-:.: 

I-. t'"·• 
. . . .. - . .- -·r. ":.:. 

"~ ~•~ ~cuna 1n :~ m~··g~d~p ~~= 70 ~;,•g,cav ~"'"c~ps 1~ ~=~--. -. ~.-:-~.- =·· ...:e-~uS.tt!! ,ar,:: tr·a- nt..~f"tc·•..,. c+ 1 :a ':tvtrs a+?ecte~. i·r.c::-

co, c 1 t. 
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£,till>rop,.a~~l ;anCJ "'l!lCC'~".alli -t!nCJ&ngs ~r. .11ll llttt!!'r'l! o+ t:"'ll'l 11t••dV .;.··w c:on>HStC~nt ... at"' tntt CICiot:<i' C:~MOllt!!'d b·,... w':)O ;and Ho;a..-. In .;al"' ~ .ll&l~C~otaon o+ :a.~~= ~C~tuses tnC~w iound on~v 4q c0.:%> •~~lOltttd w :er-~; ~•lform•tt~~s. The lnC&oenc: .. s o• v1sc:er,;al ~nd s~E!'let.a~~l Tt?t~•o····:1-~1ons ...,.,.... :.=~~ ar.a (•.7~ .. ,....•sc•·::tlvtitlv. 4 &a:·utr-_t.&e •net ~--:~: •:so ;agree~ t~~t ~ l~d r~tl!!' o-t m~:+orm.a~~tlon~ w•s OO'II!!'~vec ~~ ~~• ~n""'rles ~.wer CD r~t and reported tn;at n~ cr~no~nc:a~ · .• ;;.:e··;.~ .a.r . .:.~.ill1tt5 -~~~·-• oos•··~e~ e·.c:ec':. "or nvd.-our"E!'te•· .1.:a~.l s 

:~~~~r•nce ~i ••Lic~m•tlOn~ •~c ••r1•t1~ns •re 7 ... t:e S •nd T•ole ~. Slalet~l •~•~~n ... tlcn'l ~ere not 
:~e ~~.~~ oose qr~~o ottc:a-stt ~tttal s1:e •no ~e1gnt ··til':::s ... :+C!. F'etoto: lClt.y. ~=tl""lbut.;.cle t.c m.at:~trr-.al 
::~er~•~ in tne artermeat~te g~ouc as •~nlbltE!'d 

r.a>.:or·.::ofo 1'"• 
cor,.::uc:t.E!'d tn 

.... ,... 'ICI!"oi!'riiiH ~ 
tcx 1 c: 1 t. ,. , was 

by 1..,C:I'"E!'<ISE!'C: ::>· il'iE!'t~: "·'··"a.O.tl.:·n..:, ..:croi.lditr!!!'d C:oii!vl!:l..-,:.n.ent .... ..-1~otl.~A•"'· wlr&lll .-.j~ .. ·~ ts oi lr-·dl"·~c: .. a.l o:tnd::a,-,ts oi O'S'!Uflc:at.:Lon d&i<~~:.,. she""•~ •~•~1St1:•~l- S19n1~1c~n~ 1"c:reas•s ln tn1s grcuo, tnestt d~ta -•-• -:~ SlQMt~lCq~t wnen ~=tal n~moe- o~ fetu~es wlth ~arlG<ttcns -•-e .:n~oared on a fE!'tal •"d :~tt ... ,.. ::as1s. Four types cf •·e.et~: m~~fcrm.~Atlcn9 ~•~e ~=s~-v ... d. Folyoac:tv~y an~ r1b ~;•~•~1~ oc:curr&CI 1~ s~c~r~t~ fE!'tw$eS c~ thE!' low dose grouc. =~=~·a,t.~~Y t.n1rt.ee~tn r1es ~ccu~,..•~ ~n s1~ contrcl, cne lo~ aose •~c ~~= interml!dl~t• dcse ~etuses. Centrumivttrt&~rae ... genesas =~=~-,..~a 1n :nre• contr~~ ~E!'t.uses. T~•s• malfcrmat1cns ~•,...• not :::e--•~-~-~ a~d a.re not c:cns1der•~ comcound r&lated. ~lSC!!!'r•l Jar1~t1ons tn t.ne treated grcups -e-e net 1nc:reas•d s1~ntf1c:~ntlv 

.:. ... 
- .: 

- -? 

~:.-"'•·.a~,:r. .:.• 
=~ ~avs ~-iS c~ gest~~1c~ ~e~u.t&a :n matE!'r~•: to--·-· ..,,. . .:: ..,.;ttltl'" t.r·&- 'tre~t.trer.t, jjc•·. ;:,C! .-t '!::"1411! '"lr)(l mg;. ~- aa . .:::;::s-: ... ti . :: •• S:.9f"\S o~ ~~ .. !C:l'C'f "r. -:-:~ -:1-=1M c:se lttvttl a~-=-~= lr"":.~.-·~:--:; --=.. o.f. :.-::- Ci'lf•S r·e-.:t..,c~= --:cd ccr-,'5..:.tn;:t:lQI"'t. ,..._.~._.=e~ ..... -:.~~ ... ": .;..:-. s.a.i.l ·.a<~1on, :::-::~us. ~··.:.1 ~~-. at::::lOII'·& ·• t:lral/nc-;:.;;.£ .:;~scr-·.i'•·q.;;. ~~- ~:~~~¥ Jy~Jdl. ~~t~~~~- 1:~:t w~S ~lSC fo~no .;;.t, ~~-

-g.~g/~~w dose &e~ei. ..;: ::tt. Slgns tn tnts grouc :n.:::.~=~~ ~=J=+c:! foo~ consu~O':~c~. r-e~~~~~ ~co- weagnt, ~~d r•~~=~~ R•l;-: :•c lf•ati!rr-.a; 't.C:· .=l.~"' -.::-~ c:=~!:er-...,•c 1n tMe 1•., .T •• ~~ • g, ~~'. c·-.:..:·:··.:., gr·:.Jt:Hii. It c:c.r-. C.c c.:·r . .:::l .... o••· t.•·•· .. a «•ater-r.al '"CE1... tr r•:: =~,. ~e set .;at, 10 m;/~Qid .. v. rne maternal LOEL ln thl3 ~t~av 15 mg. • g/.:l4ity • 

.. 
op. 

9 ~aner)ee. &.N. 
ancm.~A!&es 1n control 
1~1-1~-'. lQT: .• 

C::lt. 

a~d ~.S Ourlcc, 
Cnarles ~tver C-D 

Inc 1 dtitMCtlt o? 
stra1n ratl!li 9 

ter ... ~ o4 cq 1 cal 
Tc>. 1 C:C'll cgy 1: 
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••~u~~~ ••r~ ·a~nd aeaa and bot, a~ ~~••• w•~• 
ac:~.s- .:::··c:~·c: ,.,o,.~ ..... -. tl"ol'l ...... :: r;:,t. 5toil':.11i1:1C:•l!­
~·~~ ~u~~er c• . ~~• le~u~•• ~no 1:~• se: ~ati~S 

!:1, l"'·.:·-••s:.r•c ~c=<!>9• 1n tne •.·. l•:', ilMd •. ·•• 
e-1::-l Sl:e-a.nc too" we1ql"lt. ..... -. ~•··• .. otl·. 

··:.;~ c.:;:sc- .:;!'·,:,uc... •··1-:a -Ye~.ri to; 1c:1~, ..... .-s 
•• ~ ~~~~~t =~ ~•~are m•ter~#i to lC~tv. T~• ......... - ., ....... .; ... '= .;:,• .... -- e·· -:.•·e·=-t•T•"""'~ grl:'~o•::lf .... ar• 'SlT:.~•r ':.:::i t'":t 

;~-~~:. ~r~~c:: ~~w~~•r. ~ =~•no :~-aro -~nt1nq -a5 
· .. • .. if-it L··;;.;-:.e-: .;a'""OuC·S. C.•C\!.tt•l-.g 4~ .#> a~:atil-r·a:•-:.•~ 

:··.:· o£t:-:t-!' 1-_C;f:_:o, n .... tr,::e:· .-;: r·...:~t.s lS r·ct ~5 2-.l,;;-·· • .;. ~~ ,.,;. .a ··~·-•-=-=-=- 1-. ~.-.:- p&•·c:•n-: c., ~l"e1:.!fr·s .::wr.t•tr..t--~ 
~u~-:.s.• .~ --;s 9t~c:. tne 1~ mg·~g.o•v qrouo 1'\ac: : l1tters ,1=~ : . ..: t:l"·.:- £1:-:a··~ ::;-,-::..alr.ln.:; .-~...~t.s .... hl:.;J t.he c:or.~rc4 ;).-ou!) hao .. ·1-::·:,.;.· .. ·--·-'· =· .. -:.:··ttir ~:.t~r~-=· :.:.,-;t•!nlnq r-un-:s. r,:o sral•t~: c. r-:-l•·•~•=··- ..,,.;: ::a··•:.··ma:: -·· t.""e -·lQh acs• ••~lJses ch .. ·e ~:) t.:,..,.l. .. ~~•1: s.~P- =A•~~r. ~ s~•t!S't:lC:all~ 5l9Ml~lc:ant 1~c:r•••• 1~ :· iL.e-::r ...... -: • .-:: :-: "'"': ·:::ar .. ,;;..:; ~n tne 11'!'!ef'"ll'it-::l.Jot.it q,.cuo. Tt>~~ ·-~.=. -~:-.~lC~··cr= -:.:-.a- ,-c:=~t:': c:- =~' .. ·w:oc··T••nt-.~ d•l•·t•• th:.s tva• c.P :.;;;. • .: • .:;:::;.,. •• ~.<::.f~ =•·"· :s ... a.#~~Y nc~ pe•·m•n•,..~ ar.: 1:n...-•-iora net ==··-; .. ::->te·"w:!"" ;;, -····=-- -:-r-. 'vo j.:;se-,·el-l!te::1 ;nc-:.~o .. ~n-.<:.1or-da ....... . ===~··.e:; :.- =• t:!"'e -::r·ec.t.!'litll"lt groups. 7l-lese re..,1e ...... / :::-: .... ,·.a . ~...-.:.,..· t:,-,;;. c.j•.c::-clons c-f: -::.:-.:;.a li'":~.od·.-. -::-a =e-·::.==-J:e--:..-. l·=l~ .- '--::.:... o~ -3t:,.-..?:ln• :""'! r'"'at:s 1s :.c: .~;.·;..:;/c~-. 
_c-;..:" ,:.- t=.""' -.--·~:-::- •. ··-..-":...e.r;. ~-· =evei.com•l"'t~l i .. ::-. ~-=~;-:~-:. :-. .: :- ": ;::,- T: .- .:-: . :: 
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~eviewed by: Judith w. Ha~swirth, Ph.D •• Section Head ]r.• ~c-" ~/.~t;~diN~ 
Sect.ion YI, Tox. Branch (TS-769C} -r. _ 

UATA EVALUATICN REPORT 

STuDY TYPE: 2-·Generation ~eproductfon ~tudy 
(83-4) 

TOX. CMEM. NO.: 63 

~RID,NO.: 404313-03 

TEST MATERIAL: Atrazir.e 

SYNONYMS: 2-Chloro-4-ethylamino-6-fsopropylamino-!-trfazine 

STUDY NO.: 852063 

SPONSOR: Ciba-Geigy Corp •• Agricultural Division, Greensboro, NC 27419 

TESTINu FACILITY: Research Department, Pharmaceuticals Divison, Ciba­
Geigy Corporation, Summit, NJ 07901 

AUTHORS: J Mainie~- ~ Youreneff, MLA Giknis and ET Yau 

REPORT ISSUED: November 17, 1987 

CONCLUSION: Parental NOEL = 50 ppm 
Parental LEL = 500 ppm based upon decreased body w~:ghts, body 
weight gain, and food consumption in both parP.ntal males and 
females throughout the study. [n addition, the increase in relative 
testes weights seen in parental males could be treatment-related 
since it was seen in both generations. 

Reproductive ~OEL = 10 ppm 
Reproductive LEL z 50 ppm based upon decreased body weights of 

pups of the second generation on postnatal day 
21. 

CORE CLASSIFICATION: Core - Minimum 

A. MATERIALS: 

1. Test compound: Atrazine, Technical. Bate~ '",_ .'4UID2. White 
powder. Purity not specified but itated to~~ on record at 
Ciba-Geigy Corpora~ion, ~reensooro, ~C. 

2. Test animals: Species: rat; Strain: Charles River (CRCD, ~\F/ 
PLUS) from Charles ~iver Laboratory, Ltd., Kingston, NY; Age: 37 
days; Weight: males, 177-219g and females, 140-li6g; animals were 
quarantined for one week. 
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B. STUDY DESIGN: 

1. · Aniul assignment: Ac.cordi ng to the repo~. "One hundred blenty 
:male ancro"e hundred t~enty female rats fro. the acclimation colony 
were ranaom.y assignea a TERas• tempora~y animal identification 
number and at the same time were randomly distributed into 4 

. ~treatment groups ••• " Permanent numbers were assigned when the aniaal s 
wer~ found acceptable for the study. 

2. ·Experimental design: Male rats were placed on the control and test diets 
at~7 days of age and females at 48 days of age. They were -aintained 
on these diets for a period ~f 10 weeks prior to mating. Males an<S 
females were housed together in a 1:1 ratio for mating. They were allowed 
a three week period for mating and were separated once evidence of aating 
was seen. One litter was produced in each generation. After 
weaning of the last litter of the first generation. thir~ -.les and 
thirty females were selected for the second parental generation. The 
remaining male parentdl animals were sacrificed on days 113-114 of the 

·study. The remaining female parental animals were sacrificed on days 
133-134 of the study. 

Animals selected for the second parental generation 
were exposed to test diets for 12 weeks prior to .at1ng. Mating was 
conducted in the same manner as for the first generation. Parental 
males were sacrificed on day 138 o~ the study and parental feaales on 
days 138. 13~ and 152 after weaning of their litters. 

3. Test diet: Atraz1ne \o'ii~ mix>•1 wit:· ;:uri,a •50~2 Certified Rodent C~. 
ihe concentrations IiSee were 0, 10, 50 ana 50,) prA. Diets containing 
10 to 30CO ppm atraz~n~ ·o~ere found to be stable at ro0111 tellpe.-ature 
for at least 40 days. ~eriodic homogeneity analyses were perfo~ 
anrt atrazine concentrations were found to be 93-105\ of the expected 
values. 

4. Statistics: Statistical methods can be found in Appendix 1 (Section 
2.13 of the report). 

5. A signed quality assurance statement was included with the study report. 

C. METHODS, RESULTS, AND DISCUSSION: 

1. Parental animals: 

a. Observations: Animals were observed once daily for signs of 
toxicity and twice daily for mortality. No treatment-related 
clinical signs were seen in eitner parental generation. Alopecia 
and sore(s)/scab(s) were commonly seen in all groups including 
the controls. 

At the le~els tested, atrazine had no effect on mortalitJ in either 
parental generation. 
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b. BoQy weights: Body weights were detennined weekly and at 

tel"'lli nation for males. For females, body weights -ere record-=~ 
weekly during the pre=a~1ng phase, on days 0, 7, 14 and 20 of 
gestation and on days a, 4, 7, 14, and 21 of lactation. Sele:ted 
b04Y weight data can oe founa summarized fn the following tarl~ 
for both parental generations. 

Selected Parental Body Weight Data 

~ean Body Weights {g) 

------------------------------------------------------------
Dose 
~mg/kg) 

0 
10 
so 

500 

0 
10 
50 

500 

0 
10 
50 

SuO 

0 
10 
50 

sao 

0 

198.4 
198.1 
197.6 
198.0 

167.8 
160.8 
160.6 
146.7* 

158.0 
154.8 
155.2 
154.2 

141.7 
138.7 
140.1 
127.9* 

Day 
21 49 

"'!ales. F0 

339.0 
338.5 
337.4 
309.3* 

448.8 
449.8 
447.8 
396.0* 

:-tales, F1 

337.6 
329.8 
325.2 
294. r* 

478.4 
4.71.6 
462.6 
408.9* 

Females, F0 

220.8 261.2 
215.2 258.4 
209.8 254.5 
197.5* 231.6* 

Females, F1 

212.0 262.8 
216.4 272.1 
212.4 264.5 
193.7* 232.7* 

10 

500.9 
508.9 
501.2 
440.7"" 

541.1 
528.5 
529.6 
459.5* 

281.7 
280.0 
269.9 
243.5* 

287.8 
296.1 
-290.4 
251.8* 

Terw1nal 

566.3 
577.8 
567.8 
484.8· 

642.3 
626.2 
627.4 
540.1 * 
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Body Weights (Cont'd.) 006718 
Females,,,F0 (Gestation) Females, F0 ( Lactatf on) 

0 20 0 14 21 

0 289.5 407.0 330.5 354.2 341.3 
10 285.3 415.9 323.5 348.2 333.9 
50 ~~1.5 410.0 320.8 344.9 331.3 

500 25u.6* 376.6 .. 288.3* 319.1* 314. 7'* 

F_emales, F1 ( l;;estati on) F•ales, F1 (Lactation) 
r-
I 

0 302.0 408.4 I 329.8 347.5 333.7 
lU 296.5 413.4 I 334.7 344.5 335.3 
50 305.3 418.1 I 341.4 346.7 333.3 

500 260.8* 370.3* I 297.6* 316.9* 315.2* 
I 

p<O.OS 

Body weights were statistically significantly lower fOr both males and females 
fed the dfet containfn~ 500 ppm atrazine (HOT) throughout the study. Body 
weight gafns were also statistically significantly depressed at the HOT. 
At the mid dose (50 ppa) sporadic statistically significant decreases in 
body weight gafn were noted. These changes are not considered to be 
related to treatment since they were occasional and very sporadic. 

c. Food consumption: Food consumption was determined weekly for 
males and females during the premating period and on days 0, 7, 
14, and 20 of gestation for the feaales. 

Food consuaption was statistically significantly reduced for.males 
and feaales during the premating period for both parental generations 
and for F1 f .. ales on days 0-7 of gestation. 

d. Sacrifice and pathology: All parental aniaals were subjected 
to gross pathological examination. The testes and ovaries were 
weighed. llle following tissues were collected for raicroscopic 
ex•ination: 

vagina 
testes 
prostate 
gross lesions 

cervix 
epidid,YIIIides 
pituitary 

ovaries 
s .. inal vesicles 
coagualtion gland 

Tissues from the control and high dose group were exaained 
microscopically as well as all gross lesions. 

1} Organ weights: There were no treatment-related effects on 
ovarian weights. Relative but not absolute testes wei~hts 
were statistically significantly increased at the HOT 
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fn parental males of both generations. The study autho~s attributed this change 
to decreaseG body weight gain at this dosage level. 

2) Gross necropsy: No treatment-related effects were seen in 
either generation. 

3) nfstopathology: No tre4tment-related effects were seen 1n 
either generation. · 

2. Reproductive effects; 

a. ?up weights: Mean pup weights per 1 f tter were recorded en 
lactation days 0, 4, 7, 14, and 21. Selected overall mean pup 
weights for each d~sage group and each generatfonn are shown f~ 
tne following table. 

Mean Pup Weights (g) 

F1 Generation Day 

Dosage Group (ppm) 0 4 
(ere-culling) 

7 14 Zl 

0 6.42 9.11 14.43 31.00 49.87 
10 5.99 .. 8.10 .. 12.95* 28.31* 45.09* 
50 6.17 8.56 13.54 29.87 47.23 

500 b.30 8.74 13.43 29.27 46.17 .. 

F2 Generat'icn 

0 6.38 9.32 14.01 29.32 47.75 
10 6.02* 8.75 13.39 28.26 44.55 50 6.23 9.02 13.66 28.33 43.77* 

500 6.22 8.99 13.28 28.06 42.99* 

p< • 

For the Ft litter, there was a statistically significant decrease in pup body 
weights at the low dose (10 ppm) at all time periods recordtd. Since thf s 
effect was not dose-related, this reviewer does not consider ft to be due to 
treatment. The statis1cally significant decrease seen at the high dose at 
day 21 in body weights is also not coniidered, by this reviewer as well as the 
study author, as treatment related since it too is not dose related. 
However, in the Fz generation, the statistically significant decrease fn 
pup body we1ghts at day 21 in the miti ana high dose are considered to be 
treatment-related by this reviewer, since there appears to be a dOse-related 
effect on pup body weights at this time period and in this generatfon. 

b. External observations of pups during lactation: Pups were 
observed daily during lactation. No treatment-related effects 
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were· seen • 

. c. sacrifice and ne<:ropsy of pups: Pups culled on postnatal day 4 
were.subjected to gross necopsy as were 40 randonly selected Fz pups on day 21. No treatment-related finding! were noted. 

d. Other reproductive parameters: The following reproductive 
paramenters were studied: number of viable litters, litter size. 
stillbirths, sex ratio, surival indices, •ale and feaale fertility, 
male and female mating 1n1ex, number of pregnant females, 
number of implantation sites, number of viable newborns and 
post-implantation loss. None of these paraaeters was affected 
by treatment (see Appendix z. Tables 6.6.3 •• 6.6.4., 6.8.1 •• 
6.14.3., 6.14.4 •• and 6.16.1 •. aken fron the study report). 

C. CONCLUSIONS: 

Atrazine at dietary levels of 10, so •. and 500 ppa had no effect on the 
reproductive parameters studied; however, pup weights at postnatal day 
21, second generation were statistically significantly lower than those of the control group at 50 and 500 ppm. The significanc~ of these body 
weight effects could have been better addressed if two Jitters had been 
produced in each generation. In the absence of this information. the reduced pup weights at this time point are considered to be treatment­
related. 

Body weights, body weight gain and food consumption were statistically 
significantly decreased for parental animals, males and feaales. through­
out the stuay at the HOT. These are considered to be treatment-related 
effects. In addition the statistically sfgniffcant increase 1n relative 
testes wetghts could be treatment-related, since this effect was seen in both parenta 1 generations. 

Parental ~OEL s SO ppm 
~arental LEL s 500 ppm based upon decreased body weight, body weight gain, 

and food consumption for parental an1-.ls throughout the 
• study. In addition, the increase in relative testes weights 

could be treatment-related, since this effect was seen in 
parental males of both generations. 

Reproductive NOEl • 10 ppa 
Reporduct1ve LEL • 50 ppm based upon decreased body weight of pups on postnatal 

day 21 in the second generation. 

D. CORE CLASSIFICATION: Cora-Minimum 
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ATRAZINE 080803 

Page. __ _ is not included in this copy. 

Pages 2.--?.? through 2 3 9 are not included. 

The material not included contains the following type of 
information: 

Identity of product inert ingredients. 

Identity of product impurities. 

Description of the product manufacturing process. 

Description of quality control procedures. 

Identity of the source of product ingredients. 

Sales or other commercial/financial information. 

A draft product label. 

The product confidential statement of fo~ula. 

Information about a pending registration action. 

~ FIFRA registration data. 

The document is a duplicate of page(s) 

The document is not responsive to the request. 

The information not included is generally considered confidential 
~y product registrants. If you have any questions, please contact 
the individual who prepared the response to your request. 
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/ 1. CHE~ICAL: Atrazine; 2-cnloro-4-ethylamino-6-isopropylamino-S-triazine. 

z. TEST M:OTERlAL: Atrazine, from lot No. 6 30027, was descrilled as a 
wni~e po~der with a purity of 98.8%. 

3. ~TUOY/ACTION TYPE: Hutagenic1ty--l!l ill!2, microbial assays (Baci1ius 
suttilis rec assay and Escherichia coli and Salmonella typhimurium 

reverse mutation assays). 

4. STUDY IDENTIFICATION: Sutou. S .• Kimura. Y., Yamamoto. K., and 
lchihara, A. l!l ill,!2 microbial assays for mutagenicity testing of 
atrazine. (Unpublished study No. NRI-79-2884 prepared by Nom~ra 
Research Institute. Japan. for CIBA-GElGY (Japan) Ltd., Japan: dated 
August 1979.) Accession No. 284052. 

5. REVIEWED BY: 

Nancy E. McCarroll, B.S. 
Principal Reviewer 
Dynamac Corporation 

Brenda worthy, M.T. 
1 n·dependent Reviewer 
Dynamac Corporation 

6. APP=<OV£1J BY: 

I. Cecil Felkner. Ph.O. 
Genetic Toxicology 
Technical Quality Control 
Dynamac Corporation 

Henri Spencer, Ph.D. 
EPA Reviewer 
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EPA Section Head 
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7. CONCLUSIONS: 

1 

Atrazine was investigated in a series of three microbial assays. The 
conclusions for each assay are presented below: 

1. Bacillus subtilis Rec Assay 

Six nonactivated doses of atrazine were usayed for the ability 
to induce DNA damage/repair in ~· sub':11is H17 and M4!.. Under 
the conditions of the assay, the test material. did not cause 
preferential inhibition of repair-deficient M45 when compared to 
the parental and repair-competent Hl7 strain. However, the assay 
was not perfonned using S9 activat1on; therefore, the study is 
incomplete. 

We conclude that the assay provides acceptable evidence of a non­
genotoxic effect for the nonactivated test material; however. it 
is unacceptab·le as an overall screening procedure for genotoxic 

effects. 

2. Escherichia coli Reverse Mutation Assay 

Under the conditions of this assay, 50, 100, 500, 1000, 2000, and 
5000 ~g/plate nonactivated and 59-activated atrazine did not 
induce reversion to tryptophan prototrophy. The test material 
was assayed both to the limits of solubility (~1000 \lg/plate 
+/-S9) and to a level causing cytotoxicity (5000 \lg/plate 
+/-S9). 

We conclude that this assay is acceptable. 

3. Sa 1mone11a typhimurium Reverse Mutad. Assay 

Seven doses of atrazine ranging from 50 to 10,000 \lg/plate, 
both in the presence and absence of S9 activation, did not caus~ 
an appreciable increasP in histidine revertants of ~· typhimurium 
TA1535, TA100, TA1538, TA98, or U.1537. However, the results 

were compromised for the following reasons: 

1. The 59-activated sponta~eous rev~rsion frequencies for TA1535, 
TA1538, TASS, and TA1537 were abnormally high dnd wel1 beyond 

1 
acceptable ranges. 

de Serres, F. J. and Shelby, M. 0. Reco1m1endations for data production 
and analysis using the Sa1monel1a/microsome mutagenicity assay. 

Environ. Mutagenesis 1(1979):87-92. 

] 
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z. The concentration of essential nutrients available to TA100 
was approximately tenfold less than is reco~m~ended to ensure 
that several rounds of DNA replication occurred.~ Thus, 
the spontaneous reversion frequency and sens 1 t ivity of tne 
strains to detect the mutagenic effects, if any, of an unkno~n 
test material are equivocal. 

3. Although evidence of cytotoxicity was noted, particularly at 
precipitating doses, the data were d1ff1cu1t to 1nterpret 
because of conflicting results for individual strains and 
among the tester strains. 

we conclude, therefore, that the ~- !Yphimurium assay is unac­
ceptable. 

8. RECOM~ENOATIO~S: 

The following recommendations are made to upgrade additional studies: 

a. The ft.. subtilis assay shou1d be conducted 1n the presence and 
absence of 59 a.:tivation to make the study fully acceptable 
Hence, the entire assay should be repeated. 

b. The ~- typhimurium ass1y should be repeated in acc~rdal"'-:e wi~n 
recommended proce1ures. 

c. Since the combined study results ;.;dic2ted that thl! 1im;t of 
solub111ty was achieved at lOCO "g/plate, both with aM ~ithoct 
59 activation. the evaluation of higher test doses is not 
necessary. 

a. A QA/GLP statement is requir~d for future studies. 

Items 9 and 10--see footnote:. 

11. MATERIALS AND METHODS (P~}TOCOLS): 

~ 

3 

• 

A. Materials and Method~ (See Appendix A for details.) 

1. Test Material: Atrazine, lot No. G 30027, was described as a 
white powde~ with 98.8% purity; the powder was stable at 20~c 
for at least 1 2 months. The test material was dissolved in 
d1methylsulfcx:1e (OMSO). 

Marcn, D. M. and Ames. 8. N. Revised methods for the Salmonella muta­
genicity test. Mutat. Res. 113(1983):173-215. 

Itia . 

Only items appropriate to this ~ER have been included. 

4 
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2. 8acteria1 Strains: ~- subtilis Hl7 and H45, ~- ~ WF2 

Her-, and S. typr.imuriul':l TA1535, TA100, TA1537, TA153S, and 

TA98 were -usea 1n these studies. Neither the source nor 

storage conditions for tl'le strains were reportea. Overnight 

nutrient broth cul~ures of each strain were prepared for the 

assays. 

3. S9 Acti~at1on: The S9 fraction used for metabolic activation 

was derived from the livers of ~'\star male rats induced with 

"Tetra" (500 mg/kg of polyc!'llorobiphenyl). The S9 mix was 

prepared according to Nagao et al. ~on the day of use. 

4. Microbial Assays 

a. 8. subtilis Rec Assav: The DNA-repair assay "'as con-

ducted with six nonactivated doses of the test material. 

Overnight broth cu1tures d the reoair-competent H11 and 

repair-deficient M45 strains were diluted 1:2 and streaked 

radially over the surface of nutrient brotn agar plates 

prepared to conta~n a central, 1 em, concaved well. 

Fifty-microliter volumes of the six selected test doses, 

the solvent control (OMSO). the negative c.O~itrols (1.5 N 

NaOH, 2 N HC1, an<: 100 'lolg/well Kanamycin, KM). or the 

positive control (10 'lolg/we11 2-(2-furyl)-3-(5-nitro-2-

furyl)acrylamide, ~F-2) were added to the central well on 

the appropriate piates. It was noted that tabular 

presentation of the data indicated that 100-lll volumes 

were applied to the wells. 

The plates wer-e incubated overl'light at 37•c: the length 

of the inhibitory zones were measure<: and the differance 

in growth between H45 and H17 for respective treatment 

groups was comparee. 

b. E. coli Reverse Mutation Assay: Six concentrations of 

the test material were assayed both in the presence and 

the absence of 53 activation in the ~- coli ·reverse 

mutation assay. One-tenth milli1iter of an overnight 

broth culture of f. coli. grown to a density of 3.3 x 

1\)9 cell s/mL, was inoculated into tubes containing 

2.5 ml of molten top agar (0.6% NaCl, 0.8% Oifco agar, 

and 1 'j.lg/ml tryptopr.an). Bacterial inor.ulation "'as 

followed by the addition in 0.1-mL volumes, of the 

selected cases cf the test material, solvent control 

(lEST AYltllllE Ctn] 

Nagao, M., Yahagi, T., Se;r"::, Y .• Sugim:Jra, T., and Ito, N. ~·Res. 

42( 1977): 335. 

5 
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Strain 

TA1535 

- - .. t. 

(OMSO), or positi,e controls (2 ~g/plate 

nitro-N-:~itrosoguan~.:·:-e. HNNG. -S9, or 
2-aminoantnracene, Z~~. +S9). 

~J6937 

N-mnf'tyl-N•-
20 ~~~/plate 

For the 59-activate~ assay, an ;.znspecified amount of S9 
mix ~as incorporatec ~~to the reaction mixtures. The con­
tents of each tube ~ere mixed and poured over Vogel-Bonner 
medium E (VBE); d:Jp1 icate plates were prepared for all 
treatments. Plates were incubated at JJ•t for 3 days. 
At the end of 1ncubation. the numoer of revertant colonies 
was counted and avera~es were calculated. 

c. ~~imurium Reverse Mutation Assay: The~· typnimurium 
reverse mutation assay was conducted with six 59-activated 
and nonactivated doses of the test material. Overnight 
broth cuitures of the appropriate tester strain in 0.1-ml 

volumes .. -:·e added t:l tubes ccn:aining 2.5-ml volumes of 
molten to~o~ agar sup~lemented w~th h\sti.dine and biotin. 

For unexplained reasons, t!'le final concentration of 

histidine and biotin in top agar prepare~ for strain TA100 
~as tenfold less (0.005 mM ntstidine/~iotin) than the 

reco~m~ended concentration. • Zt was noted, however, 
that the remaining strains were inoculated into top agar 
prepared to contain the re:::uired concentration of 
essential nutrients (0.05 mM ~is~idine/biotin). 

Following strain inoculation. 0.1 ml of the appropriate 
test material dilution. solvent (OMSO), or positive con­

trols were added. The amount of S9 mix added to the top 
agar tubes for the 59-activated assay was not reported. 
The following mutagens ~ere used as the ~ositive controls: 

·:or.centrat ion 
Mutagen c~g/plate) 59 Activation 

6-propiolactone ( 5-PL) 100 

TAlOO. TA98 AF-2 0.1 

TA1538 2-Nitrofluorene ( 2 -NF) 50 

TA1537 9 -Ami noac ria i :'le {9-AA) 200 

TA1535,TA100. 2AA 20 + 

and TA98 

TA1538, TA1537 2AA 10 + 

Maron, M. and Ames, B. N. Mutat. Res. 113(:983):173-215. 

& 
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The contents of each tube were mixed and overlaid or. to 

VB£ medium; plates were incubated at 3?-C for 2 d~ys. 

Revertant col~nies were counted and the avera9e number of 

his+ colonies ""ere ~eter.r.ined from the counts of d'l;l1i­

cate plates for eac~ treatment grouc. 

4. Evaluation Criteria 

a. 8. subtilis Rec Assay: No specif1c criteria ·to evaluate 

assay validity or a positive response were reported. The 

pos~t111e control was judged genotoxic ba.sed on a 10-tml 

difference in 1nhibition by M45 when compared to H11. 

b. E. coli Reverse !oAutation Assa~: No specific criteria to 

evaluate assay va;idi~y or a pcsitive r~sponse we~e 

reported. The pos~tive controls were judged mutagenic 

ba~ed on the mar~eC·increase in the number of tryptophan 

r~vertants when com~ared to the negative control. 

c. S. typ~imurium Reverse ~utation Assay: Aitnough no 

specific criteria for a ~csitive response were reported, 

H was deduct?d from the autt1ors' conrnents that a compound 

was considered mu-=agenic 'f a >2-fold increase in his"" 

coionies was a~~ •. nr.c~nia1 t:y a dose-reiated effect. Based 

upon tht• incr ... ase ~n ~!! .i'!~tant co 'lonies wi'len compared to 

the sohe11t control, the o;,;~hors considered the positive 

controls to be mutagenic. 

8. Protocol: 4 protoc~1 was ~ot presentee. 

12. REPORTED RESULTS: 

a. B. subtilis ~ec Assav: -e sn doses se'ected ~;:;:· the n!lnacti-

vaud Rec assay were iCC: ::oc, 1000, 2000, 5-JOO, and iO,OOO 

\lg/wel1. ihe 3uthors re;;~rted :ompound precipitation at doses 

~500 \lg/well. Neithe :~e tes~ material doses nor th~ OMSO 

control were cytoto:nc f.:.r eit~e~ s!rain. Approxirr.atthy equal 

zones of 'inhibition, inc!~cative of cytotoxicity. we:-;! recorded 

for the negati'v:. controls (7.5 N NaOH, 2 N HCl, or 100 11g/well 

KM). Jy contrast, prefe .. entia1 inhibition of repair-deficient 

M45 when compared to repair-competertt H17 was ob~erved fo11owin9 

exposure to the positive contrc·i, 10 ll9/well AF-'2. Representa­

tive results of the Rec as~ay are shown i~ Tab1e 1. 

b. E. coli Reverse Mutatior. Assay: The six nona:::ivated and 59-

activated doses ·evaluatec in tne E. coli reverse mutation assay 

were 50, 100, 500, 1000. 2000, and 5000 \lg/o1au. ln both the 

p~esence and absence cf ~3 ~ctivation, ccmpo~nd prec~pitation was 

reportea for aoses ~1000 -g/p1ate. 

i 
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TASL£ 1. Representative Resuits of the Bacillus sunt~1is Rec Assay 

.. wHn Atra21ne 

Zone of inhibition (mm)· 
of e. subtilis strainsa 

Oi ff erence 

Sliesunce Oose/We11 Hl 7 ( Rec ... ) M45 (Re;:-) {rrrn)b 

~£1V!nt ~Qntrol 
01metnylsu1foxide 100 "L 0 0 0 

Negative ~ont~ol, 
NaOI'i (1.5N} 100 ltl 21.5 22.5 ... 1 

HCl {2N) 100 \IL 20.0 20.5 ... 0.5 

Kar.amyc:1n 100 \19 8.5 9.0 ... a.s 

Posit 1 ve Cont·rol 
2-(2-furyl)-3- 10 \19 10.0 22.3 + 12.3c 

('5-nitro-2-furyl)-
acrylam1de 

Test Material 
Atrazine 10,000 \lgd 0 0 0 

aAverage length of zones from duplicate plates fl)r an test conc1,tions but the 

highest assayed dose {results from :.~ngle plates presented for 10.000 "g/well); 

average zone lengths were calculated )y our reviewers. 

bOifference = (Average zone for fo\45) - (average zone for Hii); calculated by our 

reviewers. 

cJudged positive by the authors. 

dHighest assayed dose; compound precipitation reported for doses >500 \tg/mL; 

results for lower doses (100, 500, 1000, and 5000 "'g/well) were comparable to 

tne solvent control. 

8 
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Cytotoxicity, as indicated by a greater than 40~ reduction \n 

· .. tryptophan reverta~ts. was otlserv~Cl <1: t~e highest dose bot!'• with 

and w1thcut 59 act1vation. No evlClence of cytotoxicity ~as noted 

Delow thii concentration and no appreciaele increase in revertant 

colonhs of t,. f.2.li. WP2 Her- resulted from exposure to the five 

nonactivated and 59-activated test 4oses. Both MNNG (2 

pg/plate. -S9) and 2AA ((0 pg/plate, + S9) were mutagenic. 

Representative results are presented in Table 2. 

c; s. txph1muriurr. Reverse Mutation Assay: Presented in Table 2 are 

representative results of the ~- typhimurium reverse mutation 

assay. For this study, seven concentrattons ranging from SO to 

10,000 ~giplate were assayed with and without S9 acttvation. 

In agreement with the findings of the S,.. f.2.l1. reverse mutation 

·assay, doses ~1000 \.lg/plate (+1 -S9) precipitated. In the 

.absence of S9 activation, the two n;gnest doses {5000 and 10,000 

'llg/plate) were cytotoxic for all strains except TAlS37. Strain 

TAlOO appeared to be more sensitive to the cytotoxic effects of 

the nonactivated test mater~al (35% reduction in his+ colonies 

at 1000 \.lg/p1ate) than the re~ir.ing strains. 

In the presence of S9 activation. cytotoxicity was generally 

confined to the highest dose for the majority of strains; however. 

a 50% reduction in his• colonies cf strain TA1537 was evident 

at· 5000 'llg/plate. In contrast ~o the nonactivated results, 

which indicated that TA100 was the most sensitive to cytotcxic 

action, 59-activated atrazine appeared more cytotoxic to strain 

TAl:--; however, the dose response was reversed (i.e .• more cyto-

,toxic at 100 ~g/plate; less cy~otoxic with increased test 

materia 1 doses). 

No a!)preciab1e increase in his• colonies of any strain 

accompanied exposure to the grace::! dose of the test materia1, 

either ·.;~th or "'ithout S9 activa:~on. (Data were omitted for 

strain TA100 at the 5000-yg/pla:e level. +S9). All strains 

responded to the appropriate cirect-acting or metabol1cal1y 

activated mutagen. 

13. STUDY AUTHORS' CONCLUSIONS/QUALITY ASSURANCE MEASURES: 

A. The authors concluded. "Atrazine was not mutagenic in any of the 

test systems used. Atrazine is concluded to be a nonmutager.ic 

under the present experimental conditions.• 

B. A quality assurance statement was r.ot provided. 

14. REVIEWERS' DISCUSSION ANO INTERPQETAi!~N OF STUOY RESULTS: 

We assess that within the confines of these studies. atrazine was not 

mutagenic; however, individua1 studies were compromised either by the 

absence of ~ey elements or by s~ecific technical problems. 

9 

243 



t. .. ,.,.,_ 

f 006937 

TAB!.£ l. R.presentetive Results of ~ (sc~richie 52!1 ~d ii!!Rft!lfl ~· . 
.-.verse ~tvtetion Assays .;,.,.. Atrezi~ , ... ,.,..,.. 

A.vertants par Plate of lect.riel T.,,._ .. Strein8 

59 Acti- Dose l· :2.!..i §. typ!!t-.. .... 

vat ion ( \19/P lai'e) lii'P2 H:;r- lA153':) TAISS'7 

~1i··-
TA15le 'lAte 

·• c;o..trol 

.,ylsulfoxide 
0 19 26 h 33 3: 

+ 0 tl:l 60 35 93 IQ'l 

ive ~"·rol§ 

"'v 1 -H • -n i tro-'1-

soguanidine 2 1,620 

piolactone 100 790 

noacridine 200 2,667 

I'"Ofluorene 50 2,089 

furyl)-3-(5--nitro-
yl)...cryleido 0. I 520 

l'loanthrllcene 20 295 577 

+ 10 217 1,065 1,588 

14ai"el" i al 

ine loob 19 23 14 u 33 

... 22 27 47 101 108 

5000<: II '" 7 24 23 

... 6 44 19 88 93 

to,oood 15 10 23 18 

+ 43 II 50 ~ 

age count of duplicate pl11tes. 

·st dose showing evidence of cytotoxicity (str"ain TAI535 only, +S9). 

•est dose essayed .ith ~- 52!l; values for IOW91" oases (50, 500, 100(), and 2000 ~g/plete) were c~•rable ~ 

solvent control. 

'est dose essayed •ith ~- !yphimurium; values for rem.ining doses (50, 500, 1000, end 2000 ~gtp:ate) were 

Jarable to the solvent control. 

10 
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, 
t sytrtil1i Rec Assay: A~razine did not cause cellular ONA damage in 

tne two 1· ~uOtilis stra,ns; hcwfv~r. the laCk of e:~~ogeneous meta­

belie: a-that~on reM~rs 
tl'le study 1ncomplete anc1 prec:lue2es an o"er­

all assessmen~ of the JNA-da~~~ng POtent,al of the ~est material in 

tne ltec: assay. 

~· coli Reverse Mutation Assa:g: Atrazine ~o~as assc1yed both to the 

limits of solubl lity ana to a cytvtoxic dose with no tnuU(Jen'\c: effect 

1n an acceptable study. 

~· typh1mur1ym Revepse 

proD lems were uncovered 

mutation assay: 

Mutation Assay: The 

in revie~o~in9 the ~· 
following technical 

txp~imurium reverse 

1. The soor.tar.eous revertant fr~quencies for TA153S. lAlS37. TA1538. 

an.d TA98 in the presence of S9 activati-:~n were abnormally higt, 

and exceeded acceptable ranges. 

2. Although the con!rol va1ues for TAlOO were acceptable. the 90\ 

. reduction in available histidine and biotin (see Sect;cn Il.A.Sc) 

probably lowered the actual rate of spontaneous reversion; hence. 

the numbers do r.ot reflect the true background counts for TA100. 

Of added concern is the pt·obable reduction in strain sensitivity 

caused by the decreased histidine. The recommended concentration 

of histidine in the top agar was established to gua.rantee that 

both auxotropl'ls and prototropt'IS underqo several divisions. Since 

DNA replication is necessary in many cases for mutagenesis, the 

lack of sufficient amino acid ~Y have obscured the results with 

TA100 and led to a false negative conclusion. 

3. The cytoto:dc'ty findings were difficult to 1nterpret because of 

the conflicting results reported for certain strains and the 

C:iffere .. ·~s among strains (i.e., not cytotoxic: for TA1S37 -S9; 

but cy:~:oxic for +S9; marl.:ed cytotoxicity for TAlOO -S9 but 

reduced cytotox'city fer ~s9; moderately cyto~oxic for TA1535 -S9 

but increasing~y cytotoxicity with a negative dose response for 

•S9). It is possibie that compound precipitation at the three 

highest doses interfered with accurate muta:1t counts and data 

from concentrations >1000 "'g/plate should probably be excluded 

from the evaluation. 

We conclude. however. <:."lat tne problems associated with high 

background frequencies for TA1535, TA1537. TA1538. and TA98 and the 

reduction in essential nutrients provided to strain TAlOO render the 

findings ~nsupportaole evidence of a nonmutagenic response. 

Item 15--see footnote 4. 

16. 
and Methods. CSI pp. 57-59. 
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Action R.egUested: ~view a recently conc.x:ted Pmes Sallnonella assay 
conducted on atrazine and cons i.der arg\.Jne:'lts t>resented by Cl.ba-Geic;w to 
s-..tp~rt. t.."1e adequacy of t...o t>revi.~.Jsly :-evie'<oled rrutagenicity assz.ys 
(UCS in rat :"le?atocytes and dani.na:it :et.-..al in mice) that were judged 

by !bxlcoloqJ aranch to ~ unacce~table. 

2. t:rEt" 
as providf"--1 " 
Oc:tobe~ 

review follows. 

negative up ~ 5000 ug/plat.e \ 
was observed) .. MRIO w 0'-'/{/,-0 
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Detailed Reveiw 006937 

Stuc·.r Title: .:.traz:.:1e: SaL"'~onella/""~alian - fo'icrosane fo'utagenc1tv ~ 

fi.Jt..'"\c:-: E. ~;;:.arace 

?roced.Jre: ~e assay w3s conducted according to the met.neds of ~cnes. et al. 
:ref. 1-3l. 'Ihe strains usted were TA 98, TA 100., TA 153Sati3' '!'A 
:.537 bot."'l with and witnout rnet.abolic activation. 'the mee&:lOlic 
a:uvation s-.tst.em was derived frcn the 59 fraC':.ion of liver frcm 
7lf:~If<S?Fl rats t.rea~ed wit.~ Aroclor 1254. PoSitive controls 
cons1st.ee of t.~e followL~: 

A~thout ~t~lic act.iva~ion 

::.~ 98 
::.; 100 
::.:~o 153 5 
-=-~ 1537 

daunoruOicin-HCl 
4-nitroquL~line-N-ox~ 

sodiun azide 
9(5)-aminoacridine hydrocnloride monohydrate 

'iltit."l met.aoolic activatic::n 

::.~ 98 
=.A 100 
7A 1535 
7A 1537 

2-am1noant.nracene 
2-aminoanthrac::ene 
.:fClopnosphamide 
2-aminoantt'.Qeene 

A signed quality assurance statement was included with t:he report. 
Ristorical control data for each strain .,.re also included. 

?rel~.:ninary '!bxicity Screen: The toxicity screen was conducted wit..~ 'tA 100 
1.n t."'le a:>Sence of metab:)lic activatior.. cen­
cenU"ations ranged fraa 0.08 to 5000 u;/0.1 ml. 
Qne/~entr\ of an ml was aaded to each plate. 

Cx.::::entrat::)I"'S of 7est fo'ater~al: 20, 78, 313, 1250 and 5000 ug/0.1 ml oot.n 
wl t.n and withOut neta.bolic: act ivatim. 

Cri :.ena ::=r a Pos:;.t lve Res;:onse: {The following is taken directly fran t.ne 
report). 

T!'le :.est s:.:>st.ance 1s consldered to oe positive in this test systaa 1f one 

or ~th of :ne follow1ng cond1tiors are met: 
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006937 
-a rep~ucible dou:>ltn.; of t:he mean nl.ltll:ler of revertants per plate 

aoove ~nat of the ne~at1ve control at any concentration level for 
one or more of the followl~ strains: TA 98, TA 1535 and TA 1537. 

- a re?roduciole 1ncrease of ~e mean number of revertants per plate for 
an); concentrat1on aOO'.'e that: of ~e negative control by a factor of 1.5 
f~r s~ra1n TA 100. 

General!y a concentrat:ion-related €ffect should be demons~rable. 

Results: In thP. prel irnir.ary toxicity screen, no toxicity was seen up to 
5000 ug/plate (the !Uniting dose) and this was, therefore. 
cnosen as ~e hi(.;hest dose to be tes~ed. 

l\b increase in t!'le incidence of hisddine-prototropnic nutants 
in c~rison with the negative control was seen with any of 
concentrations of G 30027 tested. ~inUD&l toxicity was seen 
at 5000 ug/plate for all strains tested both with and without 
metabolic activation. 

COnclus~ons: This is an acceptable assay, indicating ~~t G 30027 is 
negative when tested up to 5000 ug/place in the Sa~lla/ 
mammalian - adcrosome mutagenicity test. 

Atrazine: Al.ltoradiographic tW. Repair Test on Rat Hep&tcc:ytes 
,7 

'!his st· was cc::mpleted on ~y 16, 1984 and su!:lllitt~ the /qtrw:y 
on July 28, 986. It •as reviewed by Toxicology er.lnch and their c:::mnents 

to Ciba-Geigy by letter on ~ 23, 1987. 1he study 
•as be unacceptable for the ~prlowing reasons: 

a. ""!he canoined 24-
~d exposure t 
as indicated by the 

hepatocyte at:tactnent period and 5-hour test 
caused a..-marked reductiat in assay sensitivity 

tha~adequate resp:nse of the positive 
conl:.-"""01; 

b. Cytoplasnic background 
c. Slices were not coded..-"". 

_/ 
/ 

Ci~a-Geigy has sut:m~ed argunents/a 
:hese incluje: / 

it iooal data to address the above points. 

a. "Boc.h time periods used at:~pear to be a ropriate in that the positive 
conl:...""""l a,s~ays prov1ded a clear, consist t positive response. 'Ihese 
re&?Onses, as well as a number of historic control values can be 
co::pared 1n the su?Pletent to ~e report { su~lanent was incl\I:Sed 
ln ~~ S~lSSion.]; 

b. cytoplasmic background gra1n counts are provi in the supplement to 
the report {!he supt:~lement was included in the s ission.J: 

s;..' 7he slides wer-e not coded: h0o1ever, they were c:oun electronically there~ 
el i::unat:.ng b1as". 

After- ~viewing the s~itt.ed data, Toxicology Branch concludes that tne assay 
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ca:-: :-:=""' l:le c::r-.s ::.de:-ed accef'lt~le i::ducc 

t'r:s ::.:-: :-at heoat.:>cytt!s. 

Studv 7!tl~: At:azi:-:e: Don::.:-:a:-:t Lethal T~st 

7his st~y was o:-iqi:-:ally s~it!ed to the AQe:-:cy ~July 28, 1986. I~ 

was :-'ev:ewed b'} Toxicol~ a:-a..-:ch a:-:d fo\.Cld to be u:-:acc:eptable. Qr 

c·T-...-e:-:·ts .,...:-e t:a:-:~lltted to Ciba-Geigy by lette:- cr: Ap::U 23, 1987. 
~.-ith thts su..T.iss::.o:-:, Cina-Geigy has :-esprr.ded to Ou::" CO!r-W!:-:ts i:-.dicati~o 

that they ~elieve that the assay should be co:-:side:-ed acceptable. 
\ 

Toxicology'\a:-a:-:c~ Canne:-:t: 

" ' U:-:de:- the c~itio:-:s of the stu:iy, 444 o:- 1332 rrr;/Jcg G30 027, admi:-:iste::-ed 

oy gavage to rTia:le mice, did :10t elicit a dc:::rti:-:a:-:t. lethal effect. Howeve::, 
GJO 027. did :-:o~i:-rluce a toxic o::- a cytotoxic effect. 'Ihe::-efore, we a..._ 
u.-:a::~le to assess whethe:- the test mate::ial reached t.he ta.-get o::ga.~ 
(go:-:aes). Cib - ·_y's Respo:-:se: 

The:-e is :-:othi:"XJ i:-:\the TSO. test guideli:-:e :-equi'!"er.le:-:t (40CFR pa:t 

798.5450) citi:"Q t.'"le ~ed fo:- dete~i:-:g whethe:- the test substa.~ce 
:-eached the go:-:ads. (A systemically admi:-:iste::-ed c:anco\.Cd W.:>uld be expected 
to :-each all o:-ga..-: systems.) 

Toxicology ~a:-:c~ ~~t: 

..:..1 th:>u:;;h :;::e:-fo::rned a.-:d :-ep::>:-ted l~ 1981, this stl.dy was :lOt Slbr.titted 
~r.til 1986, at which ti.oo:e the cu::-:-e:-:t Test Guideli.-:es (Sept.anber 27, 
19R5) hcid ~:-: i:-: eff~ fo:- at least a yea:-. h:c::o:'di:1Q to those cu::re~t 
Guideli:-:es ["at least] •••• 3 dose levels a~e ~ployed, the highest should 
p:-oduce sig~s of toxicity, eithe:- cli~ical ( i:-: t:-eated r.ales), o: reduced 

fe:-tility ( i.-: u:-:t=eated p::-eg:-:a.-:t f~es). • Neithe:" r;roeedure was followed 

i:-. :.his· ::.est, a=-:0 :-:o ev:de:-:ce give:1 that a:-.y po:-ti~ of the o::ally 
adm::-:iste:-ed si~le dose =eached all o:-ga:-: systems i~ effective ~~ts 
(to cause eithe:- t~-get toxicity o:- mutage:-:ic eve~ts). 

Ciba-Geigy Respor.se: 

.:..s state= i:-: a foot:'lote a: page 5 of the :-epo:-t, the appr:oximate o:-al 

:.:so of at:"azi~e i:-: mice is 3992 r.-g!kg. 1he p-esr.:t st\Dy c~ducted at 

levels of 1332 a:1rl 444 m.;Vkg used doses that. we:-e 33 and 11 perc:ct of 
the :.Js8 dose, :-espectively. The d~ of 13)2 m;/Jcg \ollluld be expected to 

el:=it systemic toxicity based ~ fi~i~s of ~ati~, dyspnea, 
i':.l.:.::-ectio:-:, a."'ld h~ched ap~a:-a.-:ce obse:-ved i~ nice treated with a dose 

:>f l6i0 n:v'kg (see :-efe:-ee:-:ce 1 >. F=:m these data, it \ollluld a~a: that 
t:-.e :"''axi--::.r. tole:-ated dose ...ould be exceeded at a level of 1332 ng/kg. 

The h~h .jose of 1332 :-c;/kg is i~deed cuite nigh, but pr;oduced :10 effects 

::.:-: a:-:y -::lf the t:eatee :'"'.ales. 'The selectio:"'. of doses \oes stated to have 

oee:-: !:)a sed :r. Re fe:-e::ce 1 (attached to t.he oack of t.he repo::t): • Acute 



~al U'\s~ Tech • .1\t:-azi:-:e i=: thoe Mouse•. a.-: u:-.dated study ecr.ducte-1 with 
a dtffe:-o!~.t batcn :;,f t~st chEr.~ic.al with a:-: t.r.stated pu:-itv a."'!d., he~c:e., :-:ot 
.1pp:-o;r :Lace (s;,:- dose So! 1 ect i x • 

c~~~i;y Respo:-:se: 
006937 

!=-:the Sentembe:- l4, 1986 Fede:-al ~eciste:- (Vol. 51, No. 158, o. 34009), 
:.t is st.ated that "th~ iJ.Qo!:-:cy w1.ll place g:-eate:- weight cr. tests conducted 
:.:-: qe:-m ::ells tha:-: t~ sanatic cells, o:-: tests ~:-fo:'r.'led i:-: vivo :-athe:­
::..'la:-: i:-: vit:-~. i:-: euka:-::ptes :-athe:- thr. p:-okaryote~, a;'d ~mar.rnalia:-: 
si'l!ci"es ::at'iie:- t::a:-: i:-:-..su.. ....... .ru"'al ia:: species. • The attac:l'\ed test. report. 
fulfills ~ exceeds tros.e ..::-ite:-ia. 

' 7he "c::-1 t.e:-ia"desc:-ibed he:-e\:-efe:- to a.-: ove:-all assesr.te:lt of mut~e::ic: 
pote::tial fo:- rna=-:, a!"ld :-:ot to\a scie::tific: evaluaticr. of a.-:y pa:-t.ic:ular 
r.uta;;e:::.c i ty assay ( W'he:::-e cu:-:-'e::t Test GJidelines gover:-:). 

' 

F\rthe:-, this da.li:-.a::t lethal stis:!y is defic:ie:-:t i!'l not sampli:"lg the 
e:-:tire s;::e=natc.x;e::ic cycle of the'oouse, ack:":cwledged by seaso:'led i:-:vesti­
gato:-s as :-ro:-e closely apJ:rOXirnati:'lQ 8 -..eeks, not the six weeks of mati."'l<;S 
er:1ployee i:: this stu:iy. That 8 weeks of mati.-g was sta.~a:-d t:ractic:e 
eve:-: i:: t..'1e labo:-ato:-y is :-e-e::fcrced i:: the additic:r.al data sul:mitted as 
a suppl a:-:e:: t ( s ta:- ti:g o:: p. 52 of the, p:-ese::t vers icr. of the stl.dy ::eport) , 
x a positive c::r.t=ol g:-oup perfo:-med i:: the scr.e year as this at=azi.-:e 
sti.rly, detaili:g the :-esul. ts of 8 weeks 'of mati!'lg. 

~clusi~: ~ 

~is stujy :-emai::s tr.acceptable fo:- the :-easo .• s outli::ed i!'l the Toxicology 
~~ch c~::ts above. 

::;.e :=-e::-e:-.:::es: 

l. Ames, BN, Lee, rn and D..i:-sto~, W:: (1973}, A.-. Imp::oved Bacterial Test 
System fo:- the cetectioo a::d Classificaticr. of Mutage~s &"ld Coa':'ci:-.oge:lS. 
?:-oc. f\Oat.l. Aca:i. Sci. USA 70:782-786. 

2 • .br.les, 8N, 0\rstcr., WE, Yamasaki, E ax Lee, FD (1973), Coa':'ci:':oge:-.s 
are Muta;;e::s: A Silnple Test System Cc.rTibi~i!'lg Liver Hanoge::ates for 
~tivati.x. a:ld Bacte:-ia fo:: cetecti~::. P:-oc. Natl. }lead. Sci. USA 70, 
2281-2285. 

3. ~es, ~. t<tCa~::, J a~d Yamasaki, E {1975), Methods fo:- Detecti:-g 
Ca:--~i:-:cge::s a.'"ld ~t~e:-:s with the Salr-o::ella/Mar.lmalia.-. Mic:-osane l'tl~e::icity 
7est. ~~tatior. Res. 31:347-364. 
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II. DETAILED REVIEW 
006937 

A. Test Material - GJ0-027 Technical (ATRAZINE) 

Description: (Not stated) 
Batch (Lot): 210200 
Purity(\): 98.2 
Solvent/carrier/diluent: Suspended in o.st carboxy­

methylcellulose (CMC) 
for oral administration. 

B. Test Organism - Rodent 

Species: Mouse 
Strain: Tif:MAGF, SPF--NHRI-derived 
Age: (Not stated) 
t:eights--Hales: 30 to 34 g 

Fer.tales: 21 to 30 9 
Source: Ciba-Geigy Tierfarm, Sisseln (Switzerland) 

c. Study Design (Protocol) -A formal protocol was not 
included in this report, but a list of authoritative 
publi~ati~ns was appended. 

Both a Quality Assurance statement as well as a testament 
of compliance to FIFRA GLPs were included in the Final 
Report. 

D. Procedure/r1ethods of Analysis - Following a preliminar-1 
toxicity test (up to acute doses of 5000 mg/kg) to 
select the highest dose, the main assay was performed 
in t·,.,o parts. tn U'! first part, 24 male and 24 female 
mice were intubated once with 2250 mg/kg test material, 
and groups of 8/sex sacrificed 16, 24, or 48 hours 
postdosing. In the second portion, groups of animals 
(8/sex) were administered atrazine at acute doses of 
562.5, 1175, and 2250 mg/kg and sacrificed 24 hours 
later. Both a negative control group (CMC vehicle) arA 
positive control, cyclophosphamide (CP, 64 mg/kg) were 
included in each part of the study. 

At sacrifice, bone marr~w was flushed from both femurs 
of each animal, spread on glass microscopic slides, and 
air-dried. The next day, the slides were stained with 
May-Grunwald, counter-stained with diluted Geimsa, 
rinsed in water, cleared in xylene, and mounted under 
c~verslips. 

Coded sLides Ec~m 5 ani~als/sex/treatr.tent were scored 
for ~icr~nuclei in 1000 polychromatic erythrocytes 
(m-PCE) ;er aninal a~d ~he ratio of PCE to normochromatic 
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erythrocytes (PCE/NCE) determined. A test substance 
was con3idered poaitive if there was a statistically 
signiticant increase (by chi-square) in micronucleated 
PCEs at any dose or sampling time. 

I::!. RES·\.!L TS 

In preliminary toxicity testing, doses of 3750 mg/kg atrazine 
and above ~ere lethal, but mice survived 2250 mg/kg. 

In the first part of the main study, four females due 
to be sacrificed at 16 hours and three scheduled for the 
24-hour kill died shortly after receiving 2250 mg/kg. 
Hence, only :our females were available for scoring m-PC£s 
at the 5-hour sampling: an extra male was included for this 
ti~e group. In the second part of the mutagenicity assay, 
one ~id-dose female (1125 mg/kg) died before her scheduled 
sacrifice (24 hours). 

No statistically significant increases over vehicle controls 
(i.e., p > 0.05) in m-PCEs ~ere recorded in any test group 
at any sa~pli~g time in either portion of the study (summary 
tabulations from the Final Report are attached to this (DER), 
and no apparent effects on PCE/NCE ratio (a measure of cyto­
toxicity i~ bone marrow erythropoiesis) were found. 

By contrast, CP-treated animals manifested 25- to 75-fold 
increases (p < 0.05) over their respective controls, again 
without compromising erythropoiesis. 

The authc.1r concluded that atrazine was negative for 
inducing ~ic~onuclei in mice intubated up to acute doses 
causing c'ea~h. 

IV. TB EVAL~ATION 

This two-part study appeared to have been conducted witn 
adequate procedures and appropriate controls, rendering 
valid the interpretation of the results. Although no 
significant cytotoxicity (bone marrow erythropoiesis) was 
demonstrated, the test material was administered up to a 
dose causing death (2250 mg/kg), and the positive controls 
responded as expected with significant increases in 
~icronuclei. Hence, the negative result with atrazine is 
assessed as valid, and the study ACCEPTABLE. 

Attach~en::s 

-3-
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ATRAZINE 080803 

Page __ _ is not included in this copy. 

Pages 'l-5~ through L,)y are not included. 

The material not included contains the following type of 
information: 

Identity of product inert ingredients. 

Identity of product impurities. 

Description of the product manufacturing process. 

Description of quality control procedures. 

Identity of the source of product ingredients. 

Sales or other commercial/financial information. 

A draft product label. 

The product confidential statement of fo~ula. 

Information about a pending registration action. 

~ FIFRA registration data. 

The document is a duplicate of page(s) 

The document is not responsive to the request. 

The information not included is generally considered confidential 
by product registrants. If you have any questions, please contact 
the individual who prepared the response to your request. 
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c:;: r . .... -. t. .. ·\ .:.· r,- . • , .. 
... ... _A_o • • .-t". o -· •• ~ 0 
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\ 
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I 

/ 

... ~:. :-r:.•:la~-:.:.r~::ene 

-·. -'-'-' "'-~.::"1=-cn:..-:.ra ne 
_. . : 5:;:: c:·::..:. ~~::~S;;J!" •• ru e 
:.; :53i :-r:.;;::.a::::".rav ~e 

"rl""~ - '~ 

.:.. s :.;:"le'~ q-...;a:: 1 -::.y a~s .... l:'ance ~atE!'nent was included with t.he re;:on. 
~~st~rlca: c~~t~ol data for ~ach strain were also included. 

\ 
:-::x1c::.ty Sco:~-.: ~.-: toxiclt~sc::ee!'l ,.,.as c~d-..zc1:.ee with 'tA 100 

:..~ ':..'ie a!lse'. of nw=tacolic ac::iva~1on. c:n-
ce~.-::.:-3tions a~ee fl::m 0.06 to 5000 u;/0.1 rr.:. 
c.r-:e.'te=-::.h cf an r..l 0135 ajje-:: to each pla-:.e. 

\ 

:::=.,. ::e:'l:.:-a:~Y.s c: 7e~: "'::-::-~a~: 20, 78, 313., 1250 aL"'d SOO:l u;/0.1 tr.l :>:l~ 
w1~ a!'l= wi\ho~t rneta-~lic activaticr •• 

::-:t-=:-:.a. "--a ?:::s:::·:~ :;e!;?:::-.~: !~e follo.;i~·s taken directly frar. t.'"'e 
re;:on.). 

~.e :es: s~~:a~=~ ~~ =~~s.~~~~= t~ oe positive i tr.is tes~ syst~ if o~ 
~=- ::c:.~. :: :.:--.: :=!.1-::a.-·:~ c,:,-~:.~::"~5 are met.: 
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G ::"-:-1: :t; c! t~ .,_... :":\".!~• :-:..z-.:~-:~ ~~! re·.:c:~t . ts ;:-::- ;:a:e 
t~ • .,.. n~;:-"'':.l\"E- c~:-.trC'l at. a-.:· 1cn lE"·.·el !or 

- _ .. c. ... · • .....,...,..J .... ...... .:.t::' •. -· .,;~_~ .... "'- ~ ,..., • ..,.., .,_...., __ ,;-• AC',~ ... -. ·• r- p.a ... ,_ • 

.:-, .::!:-::-:-.::-au.:--. :x--.·e tn.:t of t!".e ne-;ay.rv.: c:~~trol :;,J· a fa:tor of l.!l 
~ ---- .. .,- --~·- -~-e--""" ,...; ~:-~"" ,...,,.~ ~---..::-r ,-,.~ ............. a .. ts ~r -~ .... e «o .. 

:::- =~!.'".!:.: :-.:... :J..:. / 
" / '--:..;---=;.:_::· .: :::::-~ . .:e-;-:.::-~~:o.o:')·~·{-ela-:.e.:l et!'ect s!"l.::> .. !c !:)e =«n~~stra::>le. 

~~ ~ :~: ·- t'i.: ;:::-e_l.-:!"'.a~t 1c:.~y s::-.te!"', no t=xlC::lt~· was seen Ui' to 
:<~~~:· ..;; ;:la~e (t.:'l - ·r.1:.1n; oos•l a:":! t::.1s w:as, t.t-.ere!ore, 

.;~es-:. ·:se tc ~ teste:. 

~ c::e o! t.:.s-:icine-;>rototr.::>;>:'lic:: m...ta.-.t.s 
•.. _ ..=::-:.s~:: '•'l t.!"l L"le ne-;;; i·.·e o~trcl .....-as seen "''it.h any of 
c~ -er.~ra::;.o~s c: G 30~27 te ~~=. ~inUr~l toxic::1ty was seen 

· ~t SOOJ u;t?la~e for all stra:.s testeo ~~ wi~~ and without 
~ _ ~-:.~l1c:: ac:lvation. 

~~~~s1o~s: ~~s lS an acc~;>t~le assai• 1~ lC::atin~ t:.at G 30027 is 
/ n~;a~:o.~e w~e~ test~= U? to !)0~0 · /pla~e in ~~e SaL~ella/ 

~~~::a~ - mic:-:~ ~ta;e~lC::~ty tes~. 

::-::s s~uc-J· ...,as c::r.:-~:e-:e: O."i !"ay 16, 1924 a.""'c! s~itte:S to the A;ency 
C!"'. J·..;!y 2~, !936. !t. w-as :-evleJeoj "::f "l'oxic::olO:,--y B:-anch an:S t.."leir c:::::r.t:-.e:'ltS 
w=::-~ :::-a:-:s-..:::e.: to c:::.::;a-(;elc;r b).' le:t;:r o:-•. ~ril 23, 1987. !he st'.rly 
-="' c-.,-.s :te::-e-:: ~:::: ::>e ~r.a.:.:e;>t.3~~e !or ~"ie follo.~io; reasons: 

.::. .. ::>.:: c:::r.: :;~e:: :::.;-h:)\l!' !"'e~ato-=yt.e at.t~=~nt period a."id s-to.Jr test 
c::rn;:o~~= ex;:cs-::-e t::..~ ca-~see a rr.arK~j re-::l.Jction in assay sensiti~:rt.y 
as 10::.:ace-:: to: t.ne less t.."ian aje;:r.;ate res;x>nse of t.he positive 

c.;··~;::a~ic !:l.!lc::~;r-0\..:n:S g:-aJ.n countin; was not i)erforme~: 
s::=es ~r-e not c::odee". 

::::~-::;.:,igy !"las s:.l!::r.littee ar.;J'!'le:"'':s'a:l:::tl::J:-,a:::. data to ad.::ress t.'le a!:love ;>oir.ts. 
:::-.ese inc.i.I.C!e: 

...... 

"Eoth t ;..~e ;::>er:xs ~.:s.e-= a;.;:>o=Eir- ~= oe a;:.;.ro?na':e in tr~t t."''e pos:.ti\·e 
c:>~t::-o: assals ;:::-::·.·~-:-:= a clear-, c:::>ns:.s:ent ;x:eitive res;>onse. ':Ciese 
res~~ses, as ~:1 as a n~~r of hlSt~r:cal control values can !:).: 

.:::>:?reo:: :.:-. tne s..;?;::e::ent to t."'.: re;Y-lrt. [~e :So.J~ler.'lent. .....-as l.nc::h.Ce:: 
:.:-: t-.e s~.:ss1or .. ]; 
C:·to;.: asr.:c ::..ac::~<.;rou.,= g:-au·. C.).J..'"l~S a:-.: p~o.,.•ide<1 in t.he s~~lement to 
t.:ie r.:;:c::--:. I ~e s;.:;:;·~~.,t ...,as inc~u:;e-: 1n the su:rr.ission.}: 
7:-.~ s: ~::es ·..a:r-e n-::-:.. c:-:xJ..::-::; r.~·.:e::-, t.."''ey were CO.J..f'ite-:1 elect.ron1c::ally ~.e:-e 
el ~~..:.:1.at ::;;; ~~as ... 
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3. STUDY/ACTlON TYPE: Mutagenicity-unscheduled ONA repair in primary 
rat hepatocytes. 
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In support of this reco:m~ndation. Barfknecht et al. ~ recently 

oemonstrated that an 18-hour exposure period was superior to 

shorter intervals for detecting the ONA repair elicited \n 

response to chemicals such as 4-nitroquinoline-l-oxide, mitomycin 

c. and dimethylnitrosamine. which are well known for their DNA­

damaging act1vity. 

It is noteworthy that th~ concentration of OMN (100 ~~ selected 

by the authors to demonstrate a positive 13.5-fold increase in 

UDS over the control was approximately 1000 times higher than the 

level used by Barfknecht et al. (lxl0-4 M) to affect a response 

4 hours posttreatment, comparable to that reported in this 

nuay. Tha latter showed that after 18 hours. 1x10-4 M OMN 

induced a 40-fold increase. From a comparison of the study 

authors • results and those of Barfknecht et a l. using OMN, .... e 

assess that the combination of a 24-hour attachment period and a 

5-hour exposure period caused a marked reduc~ion in assay 

sensitivity. Of eQual concern is the extreme difference in the 

positive contror concentration and the highest assayed dose of 

G 30 027; the OMN dose was 50 times higher tha"l the highest 

concentration of the test material (150 ~g/mL). 

3. Cytoplasmic background grain counts were not counted. These data 

are essential because silver grains are not homogeneously 

distributed over the slides; t.nerefore, the only way to correct 

for random grain distribution is to count and subtract the grains 

of adjacent cytoplasmic areas from the nuclear counts. 

4. The slides were not coded. 

We conclude, therefore, that the study should be repeated in 

accordance 'toJith recommended procedures for the primary ra~ hepatocyte 

uos assay. 

::em 15--See footnote 2. 

~ 

CBI .ftDiru;. :Apjle~ Met;s, CBI pp. 5-7. 

Barfknecht, T. R .• Naismith. R. W. and Kornburst. D. J. Variations oh 

the standard protocol design of the hepatocyte DNA repair assay. 

(Manuscript suh~itted to the J. Appl. Toxicol.) 
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TABLE 1. Representative Results of the Primary Rat Hepatoc~te 

Unscheduled DNA Synthesis Assay with 6 30 027 

No. of Average 

006937 

tells Silver Grains/ 

Substance Dose Scored Nucleus 

Negative Control 
Untreated cells 150 1.61 

Solvent Control 
Ethanol 150 1.61 

Positive Control 
Dimethylnitrosamine 100 "'" 

150 21.aa 

Test Material 
G 30 027 150 "~/mlb 150 1.42 

aPositive by authors' criterion (>2-fold increase in the number of silver 

grains/nucleus over the control). 

bHighest dose assayed; compound precipitation was reported for this dose 

in the preliminary cytotoxicity assay. Values for lower doses (1.2. &, 

and 30 pq/ml) were slightly lower than the controls. 
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1 z. REPORTED RESULTS: 006937 
A. 

B. 

Preliminary Cytotoxicity Assay: The seven doses of the test 

material examined in the preliminary cytoto•idty assay ranqec1 

from 3.125 t~ 150 ,.g/ml. No cytotoxicity Wii':. -·eoorted for the 

selected concentrations; however. the repo.rt stated that at t!he 

h1gnest dose assayea, slight c~ound precipitation was observe~. 

uos Assay: The UDS assay was conducted with 1.2. 6. 30. and 

150 \19/mL of the test material. The choice of this dose range 

was based on the results of the preliminary cytotoxicity assay. 

The authors did not report coaapcund precipitation at the high 

dose. No evidence of a cytotoxic effect was observed at any 

dose. and the mean silver grains/nucleus for all closes were 

either comparable to or slightly lower than the control values. 

Representative results are presented in Table 1. 

13. STUDY AUTHORS' CONCLUSIONS/QUALITY ASSURANCE MEASURES: 

A. The authors stated, •tt is concluded that, under the given 

experimental conditions. no evidence of induction of DNA damage 

by G 30 027 or by its metabolites was obtained tha~ could be 

interpreted as suggestive of mutagenic or carcinogenic proper~ies 

of the substance.• 

B. A quality assurance statement was signed and dated May 10. 1984. 

14. REVIEWERS' DISCUSSION AND INTERPRETATION OF STUDY RESULTS~ 

3 

• 

We assess that the study 1s unacceptable for the following reasons: 

1. Since the attachment period was prolonged (i.e., 24 hours), i~ is 

11k.ely that the metabolic activity of the cells was reducea; 

hence. cells with less than adequate sensitivity were exposed to 

the test material. The recommended attachment period is 1.5 to 2 

hours.~ 

2. The length of exposure of the bepatoeytes to the test material (5 

hours) may have been too short to induce a UDS resoorse. The 

U.S. Env1romaenta1 Protection Agency Gene-Tox Program• 

recommends an 18-hour exposure. 

Mitchell. et al. (1983). Mutat. Res. 123{1983):3&3-410 . 

Ibid. 

5 
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Freshly isolated tElls were suspended in Williams• Medium E 

(WKE). counted. and dispensed (105 ce11s/ml) onto 

gelatinized cover-slips in multi-well cultur-e plates. The 

cultur-es wer-e allowed to attach to the cover-slips for 1.5-2.0 

hours under unspecified conditions. Pr-ior to use in the 

assay. attached cells wer-e washed. refed fr-esh medium. and 

incubated overnight. 

Preliminary Cvtotoxicitv Assav: 

Cells were exposed to seven concentrations of the test 

material and the solvent control for 5 hours. Dosed cells 

were rinsed. stained with Trypan blue. and fixed. and the 

percentage of unstained cells in 100 scored hepatocytes was 

determined. The following criteria were used to evaluate the 

cytotoxicity results and to establish doses for the UCS 

assay: a sufficiently large number of cells must adhere to 

the coverslip. at least 251 of the cells must show viability 

upon examination by means of the vital-staining techniques. 

and a corresponding percentage of the cells must display 

normal morphological characteristics. 

5. UDS Assay: 

a. Treatment: Four preselected concentrations of the test 

material were evaluated in the UDS assay. Quadr-uplicate 

cultures per group were exposed to the test materia 1 

doses. the negative control (untreated). the solvent 

control (ETOH}. and 100 mM dimethylnitrosamine (OMN}. the 

positive control. in the presence of 1 ~Ci/mL {3Hl­

tl'lymidine for 5 hours. Exposed cells were \olashed and 

fixed with ETOH/acetic acid (3:1) and the coversl\ps ~ere 

moun•ed onto slides. 

b. Prepar-ation of Autoradioqraphs/Gr-ain Development: The 

procedures and solutions used to develop the nuclear 

grains were not described; the report stated. however. 

that the exposure time was 6 hours. Autoradiograpns were 

stained with hematoxylin-eosin. The report did not 

1nd1cate whether the s11des were coded. 

c. Grain Counting: Nuclear gr-ains of 150 cells for each of 

the dose and contr-ol gr-oups were counted. The background 

count was determined in cell-free areas and the reported 

stated. •It was found to be negligibly low.• 

6. Eva1uat1on Criteria: The assay was considered positive if 

the mean nuclear grain count was >2-fold higher than the 

negative control at any dose. 

B. Protocol: A protocol was not presented. 

4 
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1. CONCLUSIONS: 

A. The pri!Nry rat hepatocyte unscheduled DNA synthesis ( UDS) assay 

conducted with 6 30 027 technical is unacceptable for the 

following reasons: 

1. The combined 24-hour hepatocyte attachment period and 5-hour 

tes"t compound exposure tiM caused a marked reduction in 

ass~y sensitivity as indicated by the less than adequate 

response of the positive control (see Reviewers' Discussicn). 

2. Cytoplasmic background grain counting was not perform~d. 

3. Slides were not coded. 

B. The study is unacceptable. 

8. RECOMM£NOAT10NS: 

The repeat assay should be performed in accordance with reconrr.ended 

procedures-" 

Items 9 and 10---See footnote 2. 

11. MATERIALS AND METHODS (PROTOCOLS): 

1 

2 

A. Materials and Methods: (See Appendix A for details.) 

1. Tes't Mater\al: 6 30 027 was from batch No. F 210200 and had 

a purity of 98.2%. No informatiQn on the physical 

appearance. stability, or storage conditions was provided. 

The test material was dissolved in ethanol (ETOH}. 

2. l~icator Cells: Pr1mary rat hepatocytes were collected from 

a .ale rat (Tif:RAif, SPF); the ~~ethod used to harvest the 

hepatocytes was not reported. The rat was obtained from 

CISA-GEIGY Tierfarm, Sisseln. 

Mitchell, A. 0., Casciano, D. A .• Meltz, M. L.. Robinson, 0. E., San. 

R. H. c .• William, G. M., and Von Halle, E. S. Unscheduled DNA 

synt!'les is tes'ts, a report of the U.S. En vi ronmenta 1 Protection Agency 

Gene-Tox Program. Mutat. Res. 123(1983) :363-410. 

Only items appropriate to this OER have been included. 

3 
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Greenal:toro, HC 27419 Tbolula Parab.ley, Requlatory 
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TJSTIN'G FACILITY: 

TITLE or UPORT: 

AQTBOR: G.B. Orr 

CIBA-GEIGY COrp., Biocb.aiatzy Dept., P.O. 
Box 18300 Greenaboro, HC 27411 
-and-
SRI International, 333 Ravenavoo4 Ave., Mnelo 
Park, CA 94025 (Study Mo. LSC-1469) 

Diapoaition o~ Atrazine in the Rat (General 
Keta.boli-) • 

BEPOBT XSSUID: october 23, 1187 

COHCLUSIQJfS: 

The ~ibation ot atrazina in rata vaa found to be dose­
depenclent aDd independent ot aex. o~ the tiaauea atw:Uecl, the 
red cella atore the hiqb.eat levela ot atrazine, apparently 
throuqh tile c:cwalent binding ot a •eta.bolite. In rata c;iven a 
sinqle oral doae o~ 100 .YkCJ atrazine, in c:lecrauinq order, the 
levels found in the follovinq tiaauea were: reel blood cells, 
heart, apleen, lunq, liver, kidney, brain, gonacla, pituitary, 
Jmacle, bone, fat, and plaa... In rata qiven repeated. daily 
oral do••• o~ 1 ~/kq atrazine, in decreaainq order, the levels 
tound in the toll:n~inq tiaaues were: red blood cella, liver, 
apleen, kidney, lunq, heart, pituitary, brain, qonada, JIUIIcle, 
bone, t'at, and pla.... Under the expoaure reqblen wsed in this 
atudy, atrazine does not accumulate in the tiaauea ot the rat, 
except perhapa tor the reel blood cell. The pattern of atrazine 
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tissue distribution tor atrazine in this study is similar to that tound in rata repeatd exposed 1:0 atrazino (MRID Hoe. 404313-05 and 404313-09). 

The distribution of atrazine was reported to follow first­order kinetics. Two .. jor relat~onaipa are found: (1) the whole body halt-life, or t1/2• and the vola.. o~ distribution, or vd, are independent of Ce clo .. of atrazine and (2) the plana concentration of atrazine or its .. tabolitea are directly proportional to the dose of atrazine. Plasma concentrations of atrazine measured-dur~ and after atrazine expo.ure showecl that the whole Dody halt-li~e (tl/2) of atrazine or ita •etabolites is 
31. 3 hours ( 1. 3 days) in ra"ta. Th .. • reported tindinqs further indicate that atrazin. does not acCWIUlate undor this exposure raqimen in the =at. 

Excretion of atnzine in rats. About 95' of the atrazine administered orally ia excreted within 7 days after cessation of exposure. The route of atrazine excretion was reported to be independent of the dose ancl au of rat. About 75' of the atrazine is excretecl tbrouqh the urinary roate wberaaa about 20' of the atrazine ia eliainatecl in the f.cea. 'l'he elbaination route tor the reaainiDg 5' was not reported. Also, the level of atrazine eliaination by exhalation or ~ the akin (sw•atinq) was not reportecl. 

Sypary. The whole body half-life of 1.30 clays for atrazine is 
consistent with the observation that about 95' of the administered doae is elillinatecl within 7 clays after exposure. The red cells store tbe hiqheat concentration of atrazine in the rat, apparently throuqh the covalent biDdinq of a metabolite. 
~nder the dose reqtaan employed in this study, atrazine does not accumulate in the rat. · 

Claseitication: Acc:ept:al)le: This classification is ]:)ased on the tact that the -thodolOCJY requireaanta eatabliahecl in tlle Peeticicle Assea..-nt Gaidelinea, Su!)diviaion F 115-l have been 
satisfied only tor reportinq the distribution aDc1 excretion of 
atrazine in ule rata. However, all of th• data requir-enta tor 
metaboli- studio• set forth in 183-1 have not been reported. 
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Il:. ....ttt•: 
A • 19111; Cgllpgund: Atrazine (2-chloro-4-ethylaaino-G­

isopropylaaino-A-triazin~) 

Description: Hot p:r:ovidtld in this egwwary report. 
Batch t: llot provided in thia euwaary report. 
Purity: llot provided in this a\Ja1Ulry report tor the 

nonradiolabelec! coapound. 
Radiolabelin9 procedure: 
.. All carlxms in the triazine aoiety ot atrazine were 

replaced with carbon-14. The apecific activity ct the 
racUolabelec! compound was 9!5. a a.icroCuries/aq in lov 
dose exporiJumts and 1. oa a.icrocuries;w; in the hic;h 
c!CM~e experiments. The purity ot the radiolabel..:l test 
cOIIpO'Q.nd w• raported to be ~ 98- ascertained by tYO 
c!iffarent thin-layer chroaatoqrapby syst .... 

B. Test Aniaal.JI: 

Species: Rat 
Strain: Sprague-Davley CD 
Aqe: llot providecl in this report. 
Weiq.bt (..an): 160-22!59 
SO'\U:"Ce: c:harlea River Breedinq Laboratories, Porta.qe, KI 

(refer top. !53 of this study). 

Il:l:. S'l'UDY QUICjJJ: 

A. .Animal Assignunt: 

Aniaala were assigned randoaly to the tollovinq teat 
c;roupa: . 

Table 1 
&Di-al baigmMmt ill this study 

(&Uaaille Utwtnation aDd Diat:ibatiCID bperiamt) 

Daily Oral Duration 
Teat Dose Given• Rata ot 
Group (Miksr) gle tp•le hl2oaun 
1 Control o.o 2 2 none 
2 Low 1.0 5 5 1 day 
3 Hiqh 100.0 5 5 1 day 
4 SuDQ 1.0 5 5 15 daya 
a Attar the last oral aoae was qiven, the urinary and fecal 

levels of radioactivity were ••••urad for 7 days. 
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Aftiaala were individually placed in .. t&boli .. caqea for 
the collection of foc:ea &nc:l urine. fte coll.ection of 
.. tabolite waa conducted at sn Intematicm.al. The iaaaplea were then &hipped. to the CIM-GEIGY la))oratory in 
Greenaboro, HC for analyaia. 

a. ooae la1;hod.: The rata were allowed a one-veelc ac::cliaation 
~iod prior to ini~iation of experiautation. Atrazine waa qiven orally (via a atou.ch tubA) to the rata aa an active inqredient or &a a ndiolabeled active i.Dg:eclient. 
Tl'l~ vehicle was lt com starch &nc:l o.st poly.onate eo 
(V/V) • '1'hs ra~ were allowed free accue to •niwal feed. (Purina) &net tap water. 

c. · Statistics: 

The following- procedure• were utilize in ualyzinq 
the nuaarical data: 

one- &nd. two-way analysis of variance (UOVA) was used 
~o asa .. e the atatistical sig-nificance of results between doae, treataent qroupa or sex. When appropria.te, Dwmetta 
or Hevaan•Keula t-teets were perfora.d to aeseas 
diffuencea between qroup J~a&na. 

For qeneratinq the kinetic .adele, the excretion d.ata 
va• used. 'ftU• evaluation wa• perforJied by %.11.1'. Davidson ot Bovaan Gray Sch~l of Kec!icine. Mdi1:icmal. kinetic 
para..tena such •• rate conet&nta, ulf•li~e values, and alpha and beta diatribution value• were obtained with the 
uae of the UTRIP and PCHONLIN coaputu p~ calculat•d. 
by C:.K. Ketaler and D. I.. Weiner (Statistical C:OIUIUJ.tanta, 
Edqewooc!, r!). 

o. Quality Munnct: 

A aiqned quality aaeuranet atat1111nt waa p:t:O¥icSed by a 
quality ...aramet inspector froa SRI IntazD.a1:icmal, the 
subcontrac1:iD9 laboratory where the .. taboliaa of 
racU.olabelld atrazine va• atudied. AccoJ:d!Dg to the 
•t&~D1:, the Good J:..Goratory Practiet Mthodll v~l:'• 
followed in this study. Hovtver. the analytical pba•e of 
the .. taboli.. atudy was reported not ..-1: the Good 
Laboratory Practices Requiraenta of 40 c:nt Part 160 
because: (1) "thert waa no QA [quality ...urance] 
inspection of tht analytical phase of the atw~y• and ( 2) " 
t.htrt vaa no QA audit of [this] final report AD-8704!." 
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IV. UIWlll: 

• 
A·. Oblerva1;iqna: The frequency ot clinic:al oblezvatiou made 

on these rata vaa not provided in thil atudy. 

Toxici1;v/mortality CIUrviDll np11;a: 'l'htare vee no 
treatment-related cteathl reported in th1a at~. 

8. EXPerinn1;al Prqtqcol: 'l'he prcce4ure vaa conducted to 
· aaaeca the cliatribution (anct eliainatioc) of at:azine. 

AI ahovn in Table 1, three groupe o~ nta ( 5 .. lea and 
5 tuaalea) vera trec.ted. orally with atrazine. The first group received a ainqla doae of l'cuatraaino at 1 .;;kq: a 
aecoMcl group wen given a ainqle dole of 100 BCJJkcJ 14c­
atrazine: and a third qroup nceivecl daily doeu of 1 
ll9/k9 ot nonracliole.lecl ~~azine tor 14 ctaya and on day 15, VII qiven l J19/kcJ C•atrazine. A control qroup received vehicle only. 

Follovinc;r the last dose of l4c-atraaine in each cp:oup, 
tha tecaa and urine were •eaaurlld in each ani!l&l for 7 
days. Follovinq thia, the rata were aacriticed and the 
ur1ne, tac .. , and Z'9cl blood cella, and 1:be tollovinq 
select~ tiaauea V4re analyzed tor l4c content (Piqure 1). 
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piastiya fttiS:R 
I I Tonqua 
1 1 Salivary qlanda* 
I I EscphaCJQa* 
I I Sto .. c:h* 
I I Duodanu:a• 
I I JajunW~* 

I I Ilaua• 
I I CICWil* 
1 I Colen• 
I I Rectua• 
lX I Liver •+t 
I I Gall bladder•t 
I I Pal'\craaa• 
Bttpins;o:x 

I I Trachea• f 
iX I Lunq'llll 
I I NOll" 
I I Pharynx"" 
I I Larynx'"' 

earsliqyatc;;ular 
I I Aorta* 
IX I He&rt.*l 
I I lena aanOV*f 
i I t.pph nodu* 
IX I Splaanl 
I I Thyaua• 

UUb~J"/ 

oot?ia 

Haurploqial 
I X I kain*+l 
I I Peripheral narv•• f 
I I Spinal cord (l levels)•~ 
IX I Pituitary• 
I I Byu (optic n.)•t 

IX I Red blood call §landular 
Urpqwnital I I Adreaal qland* 

IX 1 Kidneya*+l I I ZXO:bital lacrimal 91and# 
I I Bladder* !X I lfD'IlUy qland*f 
I X I Taataa•+t I I Panthyroia•++ 
1 l EpicUdyaidea I I 'l'hyroida•++ 
I I Proatata Qthtr 1;1••;•• 
1 1 Seainal vaaicltiX 1 Bene (fe.ur)*f 
IX I OVaritt*+t IX I MUiclt*fl 
IX I ottrua*l I I Skin*f 
I I C:IZ'Vix I I Ul CJ%'0'' luicna 1 1 Fallopian tubal and .. ,.,.. 

I X I blic!ual CU'c:&atl 
IX I Patt 
IX I Plaa.a (blcod)l 

• Required tor aabchronic and chronic ttudiat. 
A Required tor chronic inhalation. 
'3 In subebronic atucUe1, U~U~ined and prttervld only it ir.cUcated siqn• of toxicity or tar91t crqan invclvaent. 
• orqan weight ~ired in aubchronic and chronic atudiet. 

++ orqa~ weight required tor non-rodent ttudi••· 
@ Required tor deteraininq distribution in .. tabolisa studies. 
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A. Dil't~:ibutiqn e4 11binatiqn of MJ;azin11 and Its 
~ 

Five ale and 5 fii!Uillll rata 1111re used to •••••• t.haa cUapoaition and eli.mination of atrazine attar acute or aUbehronie ~~ure. Table 2 shows that the total recovaary of atrazine av.raf.114 102.9' for the group qivan a ainqlaa dose of 1 mq;kg 4 c-atrazine, 103.2' for the qroup of rat~ qiven a ainqle d.oa.e of 100 11CJ/kCJ Uc ... atra:ine, ed. sa .lt for the qroup of rab CJi VGD a daily c!cuae of 1 mq/kq atrazine followed by a sinqlll dose of l Bq/kCJ l4c-atrazine ·on day 15 (rt~f~~rrlld ~ aa the ~~~onic ~up). 

· ConeerninCJ the t~liaination of atr~:ine or its aetabolitea, approxiaat11ly 95t of the l4c-labll1 was .xcr•t•c:l within 7 c:tays of thll laa.t expoe~ (Table 2) • In all l CJrOUp& of rata, :rouC"""lly 75t of the l4c ... label was .xcrliDted in the urin11 w•rea21 about 20t of the l4c-label wa111 11lillinatll4 in th11 fect~a. Both diiiCU8asion of other rout1111 of e1uination anc:t the r~~aa!Dinc; '' of the acminiaater~ atra:ine vera not report~ .. 

However, differi!DCIIIII between doasaqe grou~~~ for ti~aue­bornll 14c-label w•ere obaervlld. A a.tatia~tieally 111iqnificant d~~erea2111 (p <0 .. 05) in the ~Man level of Ua.a.ua-borne l4c ... label wa. foW'ld in tho.. rata c;iven a ainqla doasa of 100 mq/kCJ WGD coapared to the qroup of rata who reeei ved a a.!Dql11 do1111 of 1 mqJ'kq atra:ina. .U11o, a t~t!ltistic:ally siqnific::&nt decrll&llll (p <0 .. 05) L-,. tha. ••an liiVel of tissuaa­borne 14c ... labal wa111 found in tholle rata su.bchronicall-y treat11d. with a:b:a:ina WGD collpared to the qroup of rata who recaivlld. a a.inqla doa.e of 1 11CJ/kCJ 14c ... atrazine. No difference~~ ~ obaarvad between sexea. reqard.inq l4c-label in the urineJ t~aa, and the tia.auea •~ed. i ~aya. after expoa.ure to ..&.4c-.atrazine .. 

The 1:'M blood cell• (RBC) had the hiqhest level.a of l4e-l&bel ot all tia.eua• etudilld. (Table l). The ratio of RDC binding of the 14c-1abel was proportional to the dose ad'.IU.ftistered., i. e. , the concentration for the hiqh doae sinqla exposure group (100 mc;r/kCJ) waa. about 100 tillee that ot the low dose a.inqla exposure qroup ( 1 111111!'J/kCJ) , and the tiaeue concentration of the au.bc:hronic ~ (1 B;/kq for 15 daya.) was the a.a•• (1.11 and 1.00) to that of the low doa.a qrou.p. T.h11 ratios, 1.11 and 1.00, ala.o providll aomaa indication that atrazine and ita ma.tabolitea. had not aecumulatlld. in the red blood cella. or any other ti11auea 

273 



..... 

006937 
u.nder thia expoaure r~~qiJwn. Thia aaaMrtion ia baaed on the obffervation oat t.iaaue conewat.rat.ic:ma vere the auaa in the Acute snd aubchronie expoaure qroupa {Table l). 

The hiqh eonet~nt.rat.ior. of l4c ... lU.l reported in the · rac:t bloo4 eell ie diaeuaaed in ~er detail. The author suqc;aata that 14c-labtal bindinCJ in the rtKt blood ctall ia the prod.uet of a ecwalt~nt interaet.ion betvet~n the triazine mo!et.7 of l4c-atrazina and the eyat.aina! aulfhydryl qroups in the rat heaoqlobin aacromol•eule. 

. The rausininq tiiiiiiU._ lilll'tM in Tabla l eov lower levale of 1-ic ... auaulina ap.c:t it.e aet.J\bolitae. A.lliO, in thaaa t.i•aua•, the ratio of 4c-labol bindi.D9 vae proDQrtional lower than the a4ainillltarad doaa, e.q., 14c-labe! <:oneenerat:.iOIUIB in the a~nic 9r01.1p were lover than that for the acute expoaurt~ qroup (Tabla 5). Thill findinq ~rovidcua evidence that. at.razina or it.a aetabolit.e• appec..r not to accumulate in any t.ia111uea under t.h1111 axpoaur~ reqizan. However, euaulative bindinq of atrazina metabolitcu: in uca after chronic: expo111ure 11ay oec::ur • 

. 
Tox:Lcgkinetie mqdtljnq. The whole Wy halt-life (tl12 ) ot r:rc::'l&E)el wa. 31. .. 3 ± 2.1 hour~~ (1 .. 3 daye) WIUB caleulata<i tr= the urinary ucreti~n data. The author r.ported that the data b.at fita an open two-ccmpart11ant toxicokincatic: modal. In ac:tdition, no atatiatically aiqnitic:ant differences vera reported between traataant groupe or sax :reqarc:Unq the vuuaa tor: alpha, beta, k1o, k12 and k21 or the whole body tl/2 v~lue. 
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'l'abla 2 Diatribution and Bliaination of 14c-Label (Ps-) Attar 7 Daya J'e;.llawing 14c-&tradne ft'Mt::..nt (t:akeft tn. 'hbla I) 

. Do•• 1.0 ag/kg 100.0 aqJkq 1.0 ag/kg tiMhqhrqnic) 
sax (I) Nalea(5) 1'-1••(5) Male•(5) reaalea(5) Male•(5) r-lee(l) _. 
Urine 0.77 ±0.01 0.77 ;t0.02 77.27 ,t-1.67 79.86 ±2.16 0.67 ;t0.04 0.62 :t;O.Ot 
race• 0.18 ±0.01 0.11 ;t0.01 21.34 ±·0.55 11.85 ±0.71 0,19 ±0.01 0.17 ±0.01 
Tiaaues 0.06 ±0.001 0.07 ±0.001 4.t8 ±0.13 4.48 ±0.34 0.047 :t.002 0.046 ±0.002 

0.003 ±0.001 0.33 ±0.01 0.21 :t;O.ll 0.005 ±0.001 0.006 ±0.001 Cage waeh• 0.002 ±0.0004 
--------------------------------------------------------------------------------·------------------------0.92 ±0.44 0.85 ,tO.Ot Total 1.02 tO.Ol 1. 04 ;to. 01 lOl.t:a ,tl.44 102.48 .t2.8t 

l Recovery 102.9 ±1.1 103.2 !1.5 88.3 t4.t 
a At aacritice, the cages were washed with a water acetone ahcture (1:1) and 10 al aliquota were aeauured tor radioactivity. 

N 
....:! 
c.n 

0 
0 

"' 'J 

O.t 

0 
Q 
C) 
CD 
w ..._,., 



Do•• 

10 

'J'able l 
Di•tribution and 11 iaination Of 14C-Label ( ... ) After 1 Day• Pol lowing Uc-Atradae !'reablant 

(t:atea fraa 'J'able IV) 

1.0 aa/ka lOO.Q Mlkq 1.0 tg/kg «•uhqbronlg) 
Sax (I) Malaa(5) 1'-.al .. {!5) llalea(5) r ... laa(!5) llalaa(!5) , ... 1 .. (5) 

• 
RBC 0.559 0.62'7 67.536 62.366 0.662 0.621 
JUdnay 0.229 0.263 6.936 6.990 0.155 o.uo 
Liver 0.247 0.4tl 7.371 7.468 0.204 0.212 

-----------~-------------------~--------------------·----------------------------------------------------Brain 
Gonada 
Heart 

0.166 
0.147 
0.144 

0.162 
0.198 
0.154 

5.210 
5.124 

ll. 726 

4.580 
5.799 
9.770 

0.076 
0.066 
0.137 

0.076 
0.050 
0.102 

----------------------------------------------------------------------------------------·-----------------Spleen o.l36 o.u1 10.741 12.563 0.156 0.169 
Lung 0.115 0.134 9.229 9.128 0.111 0.132 
Pituitary o.o8o o.081 4.126 4.220 0.011 o.o74 

----------------~-------------------------------------------------------------------~---------------------Carcaaa 
Muacle 
Bona 

0.076 
0.060 
0.044 

0.080 
0.067 
0.047 

6.349 
4.080 
3.476 

5.901 
3.637 
3.625 

0.069 
0.044 
0.042 

0.061 
0.041 
0.038 

--------------------------------~------------------------------------~--~---------------------------------Pat 
Plaaaa 
..._.ria• 
Ut•r:ua 

l\:) 

-.J 
0') 

0.015 
o.oot 

o.o11 
0.010 
0.005 
0.033 

1.245 
1.200 

1.320 
1.031 
0.346 
3o74l 

o.ou 
0.011 

o.oot 
o.ou 
0.006 
0.047 

c·, 
0 
0'\ e 
\D 0 
lN 

C) 

'J 
CQ 
w 
-liZ 
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V. QIKQIIIOII: 
• 

The distribution ot atrazine in rata waa found to be dose­dependent an4 independent of ..x. Of the tissues atw:Ue4, the red eella store the hiqheat levels of atrazine, apparently through the eovalant bindinq ot a Mtabolite. In rata qiven a ainql• oral doaa ot 100 .;/kq atrazine, in dacraaainq order, the laval a tound in tha tollowinq tiaau• were: racl blooc:l ealla, heart, aplean, lunq, liver, kidney, brain, qona4a, pituitary, auacla, bone, tat, an4 pla.... In rata qiven ropaatacl ctaily oral doaaa of 1 11CJ/k9 atrazine, in c:lacl:aaeinq order, tha levels tou.nd. in tho tollowinq tissues wore: red .blooe! calla, liver, aplean, kidney, lunq, heart, pituitary, brain, qonac:la, wacle, bone, tat, and pla.... Under the exposure regillen used in this study, atrazine does not ac~late in the tissues o~ tha rat, except perhaps tor the red blood call. Tba pattern of atrazine tie.Ue diatribution tor atrazino in this study is atailar to that found in rate repeated exposed to atraaine (MaXD Hoe. 404313-05 an4 404313-09). 

The diatribution ot atrazine vas reported to follow first­order kinetics. TVo -jor relationships are toand: (1) the vbole body halt-lite, or t112• and the vol\DM ot diatribution, or vd, ara inclependent of 'the dose ot atraaine aD4 (2) the pluaa cone~tration ot atrazine or ita ..tabolitea are directly pr~portional to the dose of atrazine. Pl.... concentrationa ot atrazl~• .. aeured durinq an4 after atraaine exposure &bowed that the vhola body halt-life Ct112> of atrazine or ita .. tabolitea is 31.3 hours (1.3 days) in rata. TheM reported tincU.Dqa further indicate that atrazina does not accuaulate under this exposure reqt.en in the rat. 

Excretion ot atrazine in rata. Alxnlt 95t of the atraaina adainiatered orally is excreted within 7 days attar ceaaation ot expo.ure. The route ot atrazine sxcretion vas raportacl to be independent ot the dose and sex ot rat. About 75t ot the atraaine is excreted throuqh the urinary route whereas about 20t ot the atrazine ia elt.inated in the tecea. The eliaination route tor the reaaininq 5t was not reported. Alec, the leva~ ot atraaine eliaiftation by exhalation or through the akin (sweating) 
VIS not npGrted. 

symmary. The vbole body halt-lite ot' 1.30 days tor atrazine is consistent vith the observation that about 95t ot the acbainiatarad doae is el!.ainatacl within 7 days attar exposure. The red calla store the l:.iqheat concentration of atraaine in the ra~, apparently throuqh the covalent bindinq of a .. tabolite. Under the doae reqiaen .. ploye4 in thia atudy, atrazin• does not accumulate in the rat. 
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Glyef.fic;at;iqn: ~le: Thia claaaitication 1a baaed on the ~-- 1:bat the Mtboclology r.quir-..ta .. tulialle4 ill the Peaticide Aa-~t Guickalinea, S1ibdiviaion ., 115-1 baYe ~teen aatietiecl oaly ~or reportiDCJ the di.atr~ion aDd tiiRZ'etiCIIl o~ atrazine ill .. le nta. However, au o~ the data ~ireaefta for IHltaboli- atuctiea -aet forth in 115-1 have not been zoopoftecl. 

PCl/reporta;atraaetb.004 
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•" 
2Jt8Yieved by: sutol:d w. aiplov, Pll.D. ~~/' -?1:/~1' 
sec=ion VI, Toxicoloqy aranc:b CTS-76tC) "Y' / / 
secoftclary r•viev8r: JUdith w. Hauswirth, Ph.D."' M. _,_ W ~ 
Section Vl:, 'loxicoloqy Branc:b (TS-769C) ~ I. '~~ 

II ~~~~~~· 

I. smqqRX: 

l'l'QPX TYPI: lletabo1iaa - rat (85-1) 

ACCEIIIOH UUIIIB: 

gmm;.r. 110: 63 

IIXD IQ,: 404313-05 

tEST· MATQDL: Atnaine 

IYHQHXMS: 2-Chloro-4-ethylaaifto-6-isopropylaatno-a-triaaine 

ITQDX !RDfiJB: ABR•I7017 

SPQifSQB: Cl:M-GJ:IGY Corp., A4J:icultural Divi•ion, P.O. Box 11300 
Greerulboro, liC 27411 'fho1IU brabl.ey, RecJU.latory 
Specialist (111) 212-7100 X7207 

DSTXHG rAC:n.rn: 

nTLE or UPORT: 

-Atm!QB: B. Thede 

Cl:M-GJ:IGY COrp. , Bioc:beais~ Dept. , P. 0. 
lox 11300 Greensboro, KC 27411 
-and-
SRI Intemational, 333 Ravenawoocl Ave. , Menlo 
Park, CA 94025 (Study Ho. LSC-1.&69) 
-and-
A9ri•earch Incorpontec:l, 2 6 Water Street, 
Frec:lerick, XD ~1701 (Project Mo. 1271) 

Study ot delta-14c-Atraaine Doae/Raapcnse 
Relationahip in the Rat (Genual ICetabolin). 

UPQRT ISSJlll): october 23, 1987 

The distribution ot atrazine in rata waa f~ to be dose­
dependent. Of the tissue• studied, the nc1 blood cella store the 
hiqhest levels ot atrazine, apparently throuqh the covalent 
bindinq of a •etabolite. In rats exposed to a do.. ot 100 mq/kq 
atrazine for 10 days, in decreasinq order, the lavela found in 
the followinq tiaauea were: red blood cell, liver, ld.d.ney, 
ovary, pituitary, brain, pectoral region ot the ••wwaries. 
Onder the exposure ~•qimen used in this study, atrazine does not 
accu.ulate in the tissues of the rat, except pe:hapa tor the red 
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blood call. The pattern ot atrazine tissue c::listribution tounc::l in this repott vas aiailar that tounc::l in aale rata expoeec::l to a siailar dosage reqiaen (MRXD No. 404313-0S, Study Ho. ABR-85104). 

The distribution ot atrazine vas reported to fo11ov first­order kinetics. Two aajor ralationahipa are tound: (1) the vbola 
body half-life, or t112' and tha volume of distribution, or vc::l, are inc:lependent of ~· c::loae of atrazine and ( 2) the plasaa concentration o~ atrazine and/or ita aetabolitea are directly proportional to the dose of atrazine. Plaaaa concentrations or 
atrazine ••••urad durinq and attar atrazine expoaura ahovec::l that the vhole body half-life Ct112> of atrazine or ita aetabolitas ia 38.G hours (1.41 days) in rata. These reported findings further indicate that atrazine c::loea not acCUli.Ulate under this exposure 
ra~iaan in the rat. 

Sppary. The whole body half-life for atrazine ia 1. Gl c::lays. 
The red blood cella store the highest concentration of atrazine in the rat, apparently through the covalent binc::linq of a aetabolita. UDder the c::loaa raqiaan eaployec::l in this study, atrazine c::loaa not accumulate in the rat, except perhaps for the 
red blooct call. 

Claasifieatiqn: Acc:eptabla: This classification ia baaed 
on the fact that the aathodoloqy requir .. anta aatabliahac::l in the 
Peaticide Ass-ant Guidelines, Subdivision P 185-1 have bean satiafiec::l only for reporting the disposition of atrazine ln 
f ... l• rata. Bovevar, all of tha data requir ... nta tor 
aatlboliaa atucUea aet forth in 185-1 have not been reportac::l. 
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I% • pnaxare: 

• 
Atraz1ne C2-chloro•4•ethylaa1no-&­
i•opropylaaiDo-a-tr1az1ne) 

O.•cription: Hot prov!.4c4 in thi• tn.llllK:Y report. BAtch f: SS3-063J-J . 
Purity: 98.at (expiration date - Kov.aber, 1990) Ra<liol&Mlift<J procedure: 

All c:a.cona in the -.:riazi.De aoiety of atraziDe \ere r•place4 with carbon-14. ~· epecific activity of the radiolaJMlecl c:oapouncl (reference CL-IX-77) vaa 95.8 aicroearie•/IMJ in lov c:lcMie experilleftta and 1.06 aicroc:uriu/WJ in tbe hiCJb c!o- ex;erillenta. 'l'he purity of the radioleelec! t••t COJipOUil4 va• reported 
~o be 97. 9t asc•rtai.necl by two different thin-layer 
chroaatography •Y•t-. 

B. Te•t Aftiwala: 

Spec:iea: ltat (faale) 
Strain: SpJ:ague-Davley CD 
&98: Mot PEOVidAMI in th1a report. 
Weiqht (..an): 243.29: 2.7 SB (240-2659) 
Sources Cbarlu River Breedinq Labora~~riea, 

Wil.Jiinqton, KA 

281 

' 

I 
1 

I 
! 



%%% • liPQI 'QISWJI: 
• 

A. Afti••I As•icmm•nt: 

B. 

Aniaala war• aaaiqned randoaly to the follovi~ teat groupa: 

T-t 

Tabla 1 
bi .. l b&Si9DMnt iD t:JUa study 

(At&'aair. DiaUUNtioe bperiunt} 

Daily Oral. 
eo .. Given Rata 

0\aration 
ot G;pup Cag/kg) ctp•l•) ZXpoaun Cs!ayal 

1 control 
2 t.ovl (IDl'l) 

3 Xicll {MD'l'l) 
4 Xicl2 {MD'1'2) 

5 Lo¥3 (IIDT3) 
' Xid4 (lm'f4) 

0 
1.0 

3.0 
7.0 

10.0 
50.0 

2 
2 

l 
l 

l 
l 

10 
l~ 

10 
10 

10 
10 ----------------------------,.._ ............................. ._._. ......... .-.-.... ._..... ................... _ 7 Biqh (BD'l'l.) 100.0 10 

Attar the laat oral c:!oae w.a give, the 11rin&ry and teeal level• of radioactivity vera ... aur~ for 7 days. Ania&la vera inc:!ividu&lly placed iD aetaaoliaa caqea tor ths collection of f'ecea and urine. Tbe collection of metabolite waa conducted at SlU :nterna.tional. 'l'he aupl- vera th.n whipped to the CXBA-GEXGY laboratory in Graenaboro, MC for analyaia. 

Po•• lltho4: The rata vera allovad a ono-vcsk accliaation periocl prior to initiation ot experiaantati:m. A.trazine vaa given orally (via a atoaach tube) to the rata •• an ac:1:1ve inqraclient or aa a radiolabeled. active iDf)J:Id.ient. The Vlbicla vaa Jt corn atarc:h and o.5t polysorbate so (V/V). The rata vera allowed. tree ace- to anblal teed (PUrina) and ta9 water. 
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Do•• l_aa/ka 

Rat t: R5062 R5063 
Hour ot 
sacritic•: 3 72 

!'able t 
'1'1._ Levela of 1tc-r.u.l (Ps-) at lacJ:J.fioe 

(t:abn ~~ !'able X) 

3aa/ka __ 7_aa/ka lQ lg/Q· ~ 
as oat R5065 R5066 R5067 R5068 R506t R5070 R5071 

72 3 3 72 3 72 3 72 
TiiiUI: . _ 

Liver 2.97 
Pituitary 1.18 
ovary 1.14 

2.33 
0.50 
0.48 

5.40 
1.67 
1.51 

1.06 
3.54 
3.62 

16.21 
7.32 
7.28 

8.05 
3.24 
2.11 

20.16 12.37 
9.36 4.49 
t.o8 4.6t 

54.87 
36.91 
36.30 

32.58 
11.18 
17.U 

100 IMIIka 

R5072 
• 
3 

102.37 
71.68 
76.39 

ll50ll 

72 

55.11 
33.9( 
33.04 

-~----------------~-------------------------------------------------------------------------------------· Brain 
Kidney 

0.39 0.24 
1.36 0.61 

0.90 
1.64 

1.57 
3.54 

3.24 1.55 
6.91 3.35 

4.12 2.04 
t.81 4.70 

u.5g 8.t9 
29.31 16.73 

30.25 
71.64 

11.14 
26.13 ---------------------------------------------------------------------------------------------------------louarleu: 

Pectoral 0.13 0.05 
IngYinal o.o6 o.o5 

N 
00 
~ 

0.38 
0.15 

0.46 
0.11 

0.52 0.24 
0.71 o.u 

1.24 0.75 
0.14 0.61 

4.41 
4.06 

3.32 
a.at 

6.30 
4.77 

0 
0 
0\ 
........ 

(X) 

7.33 
0,33 

0 
0 
0) 

<0 
w 
...... 
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The cUatribution of atraxine in rata vaa found to 1M 4oae-4ependent. or the tiaauea atuc:U.e4, the red bloo4 c:ell.a atore th• hil;best level.a ot atrazine, app&l'Utl.y ~ the covalent biftdinq of a •et&bolite. In rata ex:polled to a cloee o'f 100 sq;lcq atrazine for 10 4aya, in 4ecreaainv order, the lwel.a f::»un4 in thAI follovinq tiaauea were: rM blocct cell, liver, lcic!n•y, ovarr~ pituitary, brain, pecto:r:&l rec;rion ot the ··-aries. Under the «acpoaure r~iaen waecl in thia atudy, atzoaaine 4oea not &CC'UJIIJlate in the tiaauea of 1:he rat, except pemaps 'for the re4 blood cel.l. The pattern ot at:aaine tiaaue 4111tril::aution toun4 in t:JUa report vaa eaila:r: that found in JUlle rata expoatad to & aiail.a.r c!oaaqe reqi:~~en (lGUD Mo. 404313-09, Studr Jrc. Aml-15104}. 
The c!iatribution of atrazine vaa repo:r:te4 to follow tirst­ol:der- Jdnetica. '1'Wo •jor relationship• are fcnmd: (l.) the whole body half-lite, or t112, and the volu.e ct c!i.tr~tion, o:r: V4, are independent of the 4oae of atraaine u4 (2) the platllU. concentration of atrazine and/or ita .. tabolitea are directly proportional to the c!oae of atraaine. Plaaaa canceDtrationa ot at:azine .... .w:-ed 4urinq and atter atr•zine ~ ahoved that the Vbola body halt-lite (tl/2) ot •~aziDe or i~ ..cabolitea ia 31.6 bow::'a (1. 61 c!aya) in rt.ta.. 'fheaa repo:r:te4 t1Mi.nqa further ind.icate that atrazina c!oaa not acCW~Ulate 'I.IJider thia expoaure r~ in the rat. 

sun• a. The whole body halt-life for atraaine ia 1. 61 c!aya. l'ha r..S blooc! cella ato:r:e the higheat concentration ot atr~aine in the rat, apparently t.hrow;h the covalent binding of a aeabolite. Under the c!oae reqiaen eaployecl 1ft thia etudy, atrazina c!oea not accu.ulate in the rat, except perb&pa for the red bl !')Od. cell • 

Clataitioatign: w.pt.abla: 'l'hia cluaitication it· bllaed on the fact that the Mthodology requireaenu ut:abU.aft..S in the Pe.ticida u-..aaaant CUidelinea, SubcU viaicm P 115-l. have been satiatie4 only tor :r:eportinq the diapoeition ot atrazJ.ne in feaale :r:su. However, all ot the data ::equireaenta for metal:loli• atwUea aet forth in 185-l have not been reported. 
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Section VI, Toxicoloqy Branch (TS-761C) 
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ADDENOOK TO '!HE DATA EVAUJATIOif REPORT 

I. SL~X: 

SIUPX TYPE: Meeabclism - rat {85-1) 

ACCESSION NUHBER: 

T!ST HATEBIAL: Atrazine 

CASH!:LL NO: 63 

SYNQNJMS: 2-Chloro-4-ethylamino·i-iaopropylaaino-a-triazine 

SIYPX NtlMB!'B: Aa.q-87115 

SPONSOB: CIBA-GEIGX Corp., Aqricultural Division, P.O. Box 18300 
Greensboro, NC 27411 Thomas Parab1ey, Requlatory 
Specialist (911) 292-7100 X7207 

TESTING fACILITY: 

TITLE OF BEPQRI: 

AC;HQB: B.J. Miles 

CI3A•GEIGY Corp., Biccbeaiatry Dept., P.O. 
Box 11300 Greensboro, NC 27419 

ChLracterization and Idantification of 
Atrazine Metabolites Froa Rat Urine (General 
M•ttabolism) • 

REPORT :sspEo: November 17, 1987 

gmCL!,;SIONS: 

After furthar rev!.ew of MRID tlo. 404313-06 and the data 
evaluation r•port on MRXD No. 404313-06, it waa found that the 
major urinary metabolites in the female rat are chlorinated 
triazinea, not hydroxylated triazines as atated obstensibly in 
MRID Ne. 404313-06. The reqistrant states tbat the hydroxylated 
metabolites of atrazine are artifacts of the procedure used to 
isolate the ~etabolites. Therefore, the major urinary 
metabolites of atrazine in female rats report•d in MRID No. 
'04313-06 are: 

o 2-chloro-4-amino-6-isopropylamino-A-tr!azine (13), 

o 2-chloro-4-ethylamino-6-amino-a-triazine (14), and. 

c 2-chloro-4,6-diamino---triazine (15). 
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The molecular structures of the above a~razine aetaboli~a• are shown in Fiqure 1 (the numbers in Fiqure 1 correspond to thea• associated with the above metabolites). Of the aetabolitea listed above~ :-chloro-4,5-diamino-a-triazine (15) is reported to be the aajor urinary metabolite. The identification of the =etabolitas above indicates that N-dealkylation is the major metabolic pathway for atrazine in female rats. 
Classification: Acceptable: This classification ia based on the fact that the ~ethodoloqy requirements established in t~e ?~sticide Assess~e~~ Gu~del~nea, Subdivision F 185-1 have been satisfied only for reporting the identity of urinary metabolites of atrazine in female rats. However, all of the data requirem•nts for m~taboliam studies set forth in 115•1 have not been reported, i.e., the urinary and fecal metabolites of atrazine in male rats and the fecal metabolites of atrazine in females must be i~entified. 
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Revi&VIId by: santo:M w. Bigelow, Ph.D. ~ ~ ·/ .r/~/11 section VI, Toxicology Branch (TS•769C) 'Y ' /./ 
seconclary reviewer: Judith. w. Ba. uavirth, Ph.D. rt· .t.~ w. ~ 3ection V%, toxicology Branch ('l'S-769t;) 5/9/tf 

r. stJ'JIABX: 

STUPJ TYP!j: Ketabolisa - rat (85-l) 

ACCESSXQH HOMIEI: 
TJ:ST MATERIAL: Atrad .• 

CMDLL HO: 63 

HR+D HO.: 404313-0, 

SYHQNYM$: 2-Chloro-4-ethylamino-6-iaopropylaaino-a-triaaine 
STUpY HUKBEB: ABR-87115 

SPQNSQB: CIM-<;BIGY Corp., Ac;ricultural Division, P.O. Box 18300 Greenaboro, HC 27419 'l'how.as Parahley, ltetJulatory Specialist (919) 292-7100 X7207 

TESTING FACXLITX: 

TITLE OF UPORT: 

AUTHOR: B.J. Hiles 

CIBA-GBIGY Corp., Biocheaistry Dapte, P.o. Box 18300 Greensboro, He 27419 

Characterization and Identification of Atrazine Metabolites Froa Rat Urine (General Het&bolisa) • 

BEPQRT ISStziD: Novaber 17, 1987 

COHCLUSIOifS: 

The characterization and identification ot a mmbel: of atrazine .. t&bolitu in the taale rat vaa reported in this study. To this and, two experiaents vera conducted with the use of two C)l:'GilP ot rata. 

The data reported in this study indicates that dechlorination ot the triazine rinq and H-dealkylation are the major metabolic pathways tor atrazine in rata. oxidation of the alkyl aubstituer.ts ot atrazine appears to be a ainor and secondary metabolic route. 
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The eliaination of atrazine in teaale rats vas also reported in this study. 'l'he ~inary. route accountec:l for 4 7. 4t o~ the eliaination of atrazine and/or its aatabolitea whereas 49.3t was eliainated via the fecal route. The ti•sues contained 5.75t of the atrazine and/or ita •etabolitea vhil• the blood contained. the romaininq 1. 4t.. Thia pt!ttem of excretion cliffera froa aal.e or tamale rats given repeated oral doses of atrazine, i.e., siDqle oral exposure results in about 50:50 urinary:tecal excretion whereas repeated oral expo•ur• reaulta in about about 75:25 urinary: fecal excretion (see IGUD Nos. 404313-05 and 404313-09 tor more details). The ..aunt of atrazin• and/or its aetabol.ites el!ainated via exhalation was not reported. A recovery of 103. 78t of the adainisterecl racUolabelecS atrazine was ac:hievec:!. The aajority of atrazine and/or its aetabolit .. was reported to be ~crated via the urine and feces. 

Clas•iticatiou: lLce:eptabl.e: ThJ.s classification is based on the fact that the aethocloloqy requireaents .. tablished in the Peaticide Aaaesament Guidelin .. , Subdivision P 185-1 have been satisfied only for reportinq the identity of urinary .. tabol.~tes of at.razine in f .. ala rata. However, al.l of the data requir .. ents for metabolism stuc:lies set forth in 185-1 have not been reported, i.e., the urinary and fecal. aatabolit.. of atrazine in male rata and the fecal ... tabolites of atrazine in females must be identified. 
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Il:. D"BI!I§: 

• A. nat. compound: Atrazine (2-chloro-4-ethylaaino-6-
isopropylamino-a-triaaine) 

Deacription: Not prcwidecl in thic report. Batch t: Not provided in thia report. 
Purity: Not provided in thia report tor the nonradiolabeled coapound. 
Radiol&belinq procedure: 

All carbona in the triazine moiety ot atrazine were replaced vitb carbon•14. T.ba a~citic &ctivity of the radiolabel•d coapound vaa 1. o Bic:ro<:uri•/319. The purity of the radiolabeled teat co.pound vaa reported to be ~ 97t. 

B. Teat. Animal•: 

Speciea: Rat (t-le) 
Strain: Spraque-Davley 
Aqe: Hot provic!ec:l in thie report. 
Weiqht (mean) : about o. 2 kq 
source: Harlan spraque-Davley 1 Indianapolia 1 Ill 

l::tl:. S'lVDX QISXCjJI: 

A. Mimal Assicmment: 

Aniaala were aaaiqned randomly to the tollovinq t•st groupa: 

Daily Oral Duration '!'eat Doae Given Rata of Groua Cwg/kgl Cfeulel Expotur• !si«lV) 

1 Hip 100.0 5 1 
2 Mid 16.2 - 19.6 8 1 
a After the laat oral doae vaa given, the urinary and fecal levela of radioactivity were .. aaurecl for 24 houra. Animala were individually placed in ••tabolilll cag11 for the collection of urine. 
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s. Dolo Ke1;hn: The rata were allowec:l a 5-c!Ay acclimation period• prior to initiation of experilllentation. Atrazine wa1 9iven orally (via a atoaach tube) to the rata •• an active inqredient or aa a radiolGeled active inqredient. The vehicle vas lt aethyl carboxyaethyl cellulose and Bi­Sil•233 brand. ot pcrwderec! silica. used to suapenc:l the · atrazine in solution. The rr.ta vere allowed free ace••• to animal teed (Puri~a) and deionizec:l water. 
c. Statiptica: 

No atatiatical procedures were used in ·thia study. 
D. Quality AIIUrl,nS:e: 

A aiqnl4 quality •••~ance atat .. ent waa provided by a quality assurance inspector tros the refjiatrant, the laboratory where the -teolia ot nc:liol&beled atrazine was atuc:liec:l. Accordinq to the lt&tezent, the GoC<i LU»oratory Practice aethodl were tollovecl iD this atuc:ly. However, thia aeta))oliaa atudy waa reported not ... t the Good. Laboratory Practices Requir .. enu ot 40 CFR Part 160 becauae: 

(1) ~A coaplete aet ot biological phaae SOP• have not been eat&bliahed. 

( 2) There waa no QA inspection ot the at1:4y becau~e the QAU vas not a fully fwlctional unit at the till• the atuc:ly was conc:luctec:l. 

(3) There waa no QA audit ot the tinal report ABR-87ll5.A 
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IV. MXIQQI: 
• 

A. obaerya,ticma: The frequency of clinical obt~ervationa made on these rat• vas not provided in this auaary rapert. 
Toxicity{Jlortality Csurviy.all ra&ltg: 'l'hare ware no treatment-related deatha reported in this atudy. 

a. Exper1gntal rrotqs:ol: This axperiaant. vu conducted to identity the atrazina metabolites in two groups ot rats. 
A%. ehown in '!'able 1, ona group of teaale rata was given a ainqle cloaa ot atrazine in an attort. to produce sufficient levels ot urinary mat&))olites ot atrazina tor identitieation. Five adult faaJ.e Sprac;;ua-Da.wlay rats c about o . 2 kq) were acbllinistorad l.OO 11CJ/k9 1-'e-atrazine. samples of urine ancl feces were obtainecl at 24, 48, and 72 hours. ~tar taking samples tor 72 hour., tha rata were sacrificed and 5 al ot bloocl &."1d the llvar hrt obtainecS. 
In another group ot anbt.als, a rats were given a sinqla ~ral exposure ot lCS .18 - 19. C54 1MiJ/k9 14c-atrazine. Urinary .. tabolitas vera colla=::tld over a 24•hour period following traataant. 'l'ha aetabolitas ot atrazine were isolated ancl iclantitied by the follovinq aerie• of analytical c:h .. istry atepa: 

( 1) charcoal cleanup, 

(2) C1a Boncl-!lut separation, 

(3) Aainex A-4 cation oxchange coluan chroaatoqraphy, 
( 4) Aainex A-25 anion exchange coluan chrcmatoqraphy C#r PRP-1 (reverse-phase) HPLC, and finally 
(5) contiraation by comparing to tha in!rared apectra and aass spectra of authentic ayntheeized atandarcla. 
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v. BIIJJI4'S: 
A. ·. l'b.• In• yi·yo Ketabcliq o( At;razine. 

'l'o e::3ldne the metabolia11 ot atra:i~~ in rata, 100 m~/kq of 14c-atrazine vaa qiven to rata ard the l4c-labeled meta}:)oli tea were isolated and ident.a.fied.. . A recovery of l03.78t of ~e tctal radioactivity vas achieved. The urin•ry route ae~o~~ed tor 47.4t of the eliaination wher••• 49.3t of tne c-l&bel waa eliainated via the fecal route. The tiaauaa contained s.75t of the l4c-l~l while . the blood contained the reaainJ.nq l.4t of the 4c-l.abel. 'l'he aaount of 14c-label eliainatcd via exhalation waa not reported. 

The molecular structures of the urinary aeta.bolites obtained frca the first qroup rata were unattainable, so a second qroup of 8 rata were qiven 1&.18-19.&4 WJ/kcJ 14c: .. atrazine. The aetabolitea were collected. within the o to 24 hour tiae period after exposure. 'l'be urine waa freeze dried. MetabOlites were then cliaaolved in a ... 11 aaaunt of water that waa acidified with HCl. to pB 3. o and separated with an aaino acid analyzer (to detect the &Jiino acid reaicluea of qlutathione) coupled with a cation exchanqe coluan. 

A total of 19 radioactive peaks were detected, three of which were identified. aa metabolites by comparison ot the infrared and aaaa spectra. The iclenti ty of two other metabolite• waa poatulated baaed on additional mass spectral inforaation. The aolecular atructu_•• of some of the atrazine ••~lites are ahown in l'iqure 1 and the n~r• in this tiqure correspond to the .. tabolitea diacuaaed in the text. only tour of the- metabolites were identified and were reported, they were: . d,. 
0 

0 

0 

0 

2-biqt~oxy-atrazine (7), a_ 
2-~-4-amino-&-iaopropylaaiDo-•-triazine (8), 
2-~-4-ethylamino-6-uino-.-triazine (14), and d -
2-~-4,6-diaaino-•-triazine (3). 

The identification of the four metabolit- above indicates that dechlorination of the ~riazine rinq and H-dealkylation are the major metabolic pathwaya for atrazine in rats. Because several other minor metabolit .. that po••••• omaqa­carboxyl moietiea were identified (5, 10, ll, 12), 
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oxidation ot the terainal •ethyl ~.,ieti .. in the alkyl aubati£uenta appear• to be a ainor and secondary metabolic route. 

B. I1W l;Q vitro Ketabolig ot .M;naint. 

The author of this study otfars the resul ta ot a pu~lished study on atrazine .. taboli.. performed by · Dauterun and MUeclce ( 197 4. ftGlcW• liqc;hpig:ry and fbysioloqy 4: 212-219) in an effort: to account for the . covalent ~indinq of atrazine in RICa. 
The aethoc! published by Dautenuan and MUecke is reported a.a the following steps. ltadiolabelcacl atrazino was incubated with :t.•t liver aicroa~ with or without the addition of the Batabolic cofactor&, glutathione and HADPH. Six aetabolit•• were identified by chroaa:tography against aynthetic atandarda. The reaulta corr~borate the findings in the in ~ experiment that H-dul.kylation ia t:he ujor meta~olic pathway. Alae, the isopropyl 110iety ia hydrolyzed more easily than tbe ethyl aubatituent. Conjugation with glutathione was foand to occur with aoat of the atrazine metabolites previously discussed when cytoaolic coll tractions were included in the in yitro reactions. 

Coyalent binding in BBC•· The author &rCJUea that the glutathione-containing aet~litea of atrazine aay b• catalyzed by a •carbon-aultur lyase,• an enzyae that cleave• the glutathione residue and leave• a thiol qroup on the atrazine -tal)olite. However, the author hat not preaented evidence whether lyase is preaent in red blood cella. 
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The ctuu:actarization ancl identific:ation of a ntmber of atraz in• m,.tabol i t;a1111 in the teal• rat waa t:apcr-..ec.t in this study. To t.h.ia end, two experiacmts ware conducted v11:.b the use ot two qroupa of rata. · 
~h• clata reported in this atudy indicate• that dechlorination of the triazin• ~inq an4 N-dt~alkylation are the ~~&jo~ mat&Oolic pathway• for at.razina in rata. oxidation ot th• alkyl aubatituenta of atra:ine appears to be a ainor and seconcl&ry metabolic :cute. 

The eliaination of atrazine in tuala rata vaa &lao reported in this study. The urinary route accounted tor 47. 4t of the elimination of atrazine and/or ita metabolites wher ... 4t.lt vaa ~liminated via the fecal route. The tiaauaa contaiDad 5.75% of the atrazine and/or ita aetGolitea while the blood contained the r..aininq 1.4%. 'rhia pattem of excretion cUtter• troa ule or female rata qiven rapeatecl oral do••• ot at.razine, i.e., ainqle oral expoaw:e raaulta in U011t 50:50 urinazy:tec&l excretion vhereaa repeatecl ·oral expoaure ruulta in about about 75125 urinary:tecal excretion (a .. DID Noa. 404313-05 ud 404313-09 for mora detaila). ~ a.ount of atrazina and/or ita .. t&bolitea eli.JU.natecl via axbalation vaa not repo:tfid. A ~•ry of l03.78t ot ~e adainiatered radiolabeled atraztna waa achieved. The majority of atrazine and/Or ita metabolite• vaa reported to be excreted via the urine and tecea. 
claaaitic:ation: .lcceptable: Thia c:laaaitication ia baaed on the fact that the .. tb.oclolocnr requir-anu eat&bliaheci in the Pesticide Aa ... aaent Guidelines, SU})diviaion P 185-1 have been sat!.atiecl only tor HJ)Ortinq the identity of urinazy lletaholitea of atrazine in t-1• rata. However, all ot the data requir .. enta for .. taboliaa atudie~ aet forth in 185-1 have not been raportad, i.e., the urinary and. fecal ••t'.abolit.. of a.trazine in .. 1. rata ed the fecal aetaboliteil of atrad.ne in f8lllalea .uat be identified. 
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.. 4" / .· ;, Revievecl by: Sanford v. Biqelov, ft. D. . 1./ .r:/· 1? Section VI, 'J.'oxicol09Y Branch (TS-7GSC:) seconda:y nviever: JucU.th v. HaWIVirth, Ph.D. l ~ 10 ~ section VI, -foxicolOfi Branch (TS-7G9C:) 'f' -dqJd 

~~Olf~ 

r.. ..smpiABI: 

STUDY n:o~ Hetabcliaa - rat css-1) 
ACSJSSXQI HUHIIB: 
TIS% MUPXAL: Atraaine 

MI:D 10,: 404313-09 

SXHOHJMS: 2-Chloro-4-9~ylaatno-6-iaopropylaaino-a-triazino 
STUDY m:DQII: ABlt-85104 

SP9J!SOB: CIBA-GZ%GY Corp., Ac)ricult~ Diviaion, P.O. Box 10300 Gnen.boro, lfC 27419 ftcaaa Panhley, Requlatory 3pecialiat (919) 292-7100 X7207 · 

TITLE Ol RRQBT: 

CIM-~EIGY Corp., Biocheaiatry O.pt:., P.O. Box 18300 Greensboro, HC: 27419 

Ketaboli.. of 14c-Atrazin• in Orally Dosed Rata (Ctmeral Met.abalia) • 
AtrrHOB: B.J. Sim.oneaux 

BEfORT ISSQ'IQ: O.Cut..r G, 1985 

COHCWSXQHS: 

'l'hia report ia a balut.es etudy of the cUspoaition ot' atrazine in ule nta repeattMUy orally expoM4 to thia aqent. Atrazine appean a H rapidly cxcret.S in the rat under theee expoaure CODditioaa. About sst of 1:he ac:bli.niatered c!oee is eliaina.t.d vi1:hin 11 d&ya after 1:he laat atraaine .xpoaure. The urinary reate accounted tor about 7ot of the eltaination wbereas about 25t vaa elillinated via the fecal route. The ltBCII atore the hiqhect 1..-la fallowed by the liver, kidney and brain. Under these expoaure conc:Utiona, atrazine doea not accuaulate in the rat. The total recovery of adaini~tered radiolabeled. atra.zine for the hiqh and lev doae qroupG waa 9l.4t and 10l.9t, re•pectively. 
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At'Z'&ai.ne appears to be rapidly excreted in the rat unde'!" theae expoaufe ccmditiona. About 95t ot the adll.iniatared do•• is eliainatect vithin 18 4aya a~ter the laat atrazine el&paaure. For the low. and "'iqh doae qroupa ot rata, respectively, the urinary route accounted tor: 72. 7t and 61. 2t ot the el !mination vhil-.. 27.8t and 23.9t ot ths atrazin• anc:Vor ita lletllbolitea vera eliminated via the fecal route. Elimination ot atrazine and/or its metabolite• by vay of exhalation vas not .anitored or reported. 

Th.e. tisauea cont4ined the remaininq amount ot the atrazine and/or ita metabolitea. The peak ti••u• level• in the low dose qroup · occurred at 10 daya vhe3:'eae the ~ lwv.la in the hiqh doae qroup waa reported at a daya. The highest tiaaue levels in the low do•• qroup (O.l mq/nt) vere feu~ • at 1.0 daye in the RBr. followed by liver, kicL~•Y a..."'1d brain. In c!sc:reaai!lq order, ae hiqheat tiaaue levels of atrazine in the hiqh do.e group ot rats (1.0 mq;rat) at a c!aya vere: R.SC, liver,. !ddnay and brain. In qenera1, 10 day• attar the laat dose ot atraziDe (at the 11-day sacrifice), the RBCs, liver, kidney and b:ain had wtniaal l.vela (about 1t) of atraaine and/.:»r ita utabolitu ~. under theae expoaure conditions, atra3ine 'oe• no~ ~lata in these tisaues in rata repeate4ly expoaed to atrazine. The pattern ot atrazine tiaaue diatribution found iD thia report vaa aWlar that found in t~• rata expoaed to a aiwil.r doaaqe r~imen (MRID No. 40431.3-05, Study No. AD-87087). 

Classification: .k:c:eptable: Thia claa•itieation i• based on the tact that the methodology raquir .. enta eata.bliahed in t:h9 Pesticide Asaeaament Guidelines, Subdiviaion P 185-l. have been satisfied only tor reporti119 the -Jistribution a:n4 ..xcration ot atrazine in male rata. However, all ot tb• data requirUAents tcr metabolism studies aat forth in 185-1 have not been reported. 
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zz. A:JIIlY.Vfl: 

A. Test COppound: 

Description: Atrazine 
Batch 1: Not reported in this study 

C06937 

006718 

Purity: Not provided in this aUllllary report for the 
nonrad.iolabeled compound. 

Radiolabelin9 procedure: 
All carbons in the triazine l!lOiety of. atrazine were 
replaced vith carbon•l4. ~· apecitic activity ot the 
ra~iolabeled coapound were 13.5 aicrocuriea/.; and 12.9 
microcurie•/.; tor the low and high dose groups, 
rellpectively. ~· purity ot the racliolabeled test 
compound was reported to be ~ 97. 5t aacertaintd by a 
thin-layer chrom&tQ9r&phy ayat ... 

B. Test Aoipp11: 

Speci-: Rat (male) 
Strain: Harlan Spraque-Dawley 
Aqe: Wot provide in thi1 report. 
Weiqht (mean): 2509 
Source: Harlan Madison, WX 
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In. mox DJSWJ!: 
• 

A. Aniwal A•licmmtnt: 

s. 

Animal• w•r• aaaiqn•d randomly to the follovinq teat qroupa: 

'l'tat 
Group 

'hblt 1 
J.Diul All&dgnMDt 1n tbia Sb.ldy 
(Atraaine llatUoU.- ~i.Mnt) 

Daily orai Day 
Doat Giv~tn4 Rata of 

CUration 
0~ CwJkq) Cpltl Sacrifice lxpolura Cdayal 

2 Low 
Low 
Low 

0.4 
0.4 
0.4 

3 
3 
3 

5 4 
7 7 
9 7 

Low 0.4 3 10 7 Low 0.4 3 14 7 Low 2ai ~ 11 z 
3 Hiqh 4.0 3 5 4 Hiqh 4.0 3 7 7 Hiqh 4.0 3 9 7 
--------------------------------------------------·~.-....-------

a: 

Hiqh 4.0 3 10 7 Hiqh 4.0 3 14 7 Hiqh 4.0 3 18 ,. 
After the laat oral do- waa qivtn, the ur~ &Del fec:al level• o~ radioactivity wert .,..urtd at 24-haur interval• 1n the qroup of rata fXP081d for 11 days. Anillala van incUvi4ua12y placect in llltaboli- c:aqea for the collection of tecta ana urine. Thlrt vaa 110 control group. 

DQM Jlethq4: Atrazint waa qivtn orally (via a atoaach tuba) to the rata aa a radiolabtlect active inqrt4itDt. 'l'ht 2~0 9 rata vere qiven 0.1 aqjrat (lov doae) or 1.0 .;/rat (hi9h doae). The vehicle waa in tht aqgeoua car.bowaX-200 (PEG 200) foraulation (0.3 al ethanol:0.2 Ill water:o.s '81 ~G 200). The rata were allowed free acceaa te aniwal flld and tap water. 
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!be follovinq procedure vas utilized in analyzinq the nWRerical data: · 

The . ·SOP aethocl of Wolf and SU~U".er, l.C-276. "Statistical aethcda in the Maauraant o~ racli~Cl;ivity• were uaed to calculate ppa-equival.enta of the l.-'c:-leel obtained froa the rata. 

o. Qgality Asauranee: 

A siqned quality aaauranee atate11ent vas provided by a quality aaaurance ina~ctor frca the :ec;iatrant, the laboratory where the metalKJliaa of radiolabalecl atrazine waa atudied. AccordinCJ to the atateaent, the Good Lal:)orat:ory Practice aathoda vera followed in thia atucly. 
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IV. M*@DI: 
• 

A. obesryatigg: The frequency of clinical. cbaenationa aads on thea• rata vaa not provided in thia study. 
Tqxicitytmortality Cwuryiyall · rssult1: There vera no treatment-related deaths reported in thia atudy. 

a. hpsriaentaJ, Prgtoc;gl,: The procedure vaa conduetecS to aaaeaa the .. taboliaa ot atraains. 
Thres .. le rata in each group ver. rapeatedly dosed and th · . ~ aacrificed 5, 7, 9, 10, 14, and 18 dayta attar doeinq ·.-:1a initiated (for details, aee 'l'abl• l). O::-ine and tecea vera collected tor analyoia troa the rata expoaecl for the 18-day periocl. The rata vera aacrific:ed an4 ths follovinq aslectect tiaauea were analyaecl for 14c c:ontent (!'iCJUr• l) • 

304 



. . . ~ • l- ~ 1 • ·, ~ , • • 
• • \ • • •••• • • • ; : ,. 

' . 

• 
piqaatiye ayat .. 

1 1 Tongue 
1 1 Salivary qlanda* 
I I Eaophaqua• 
IX I Stomach* 
I X I Duodenua* 
IX 1 Jajunua• 

IX Ileum* 
I Cec:ua* 
IX Colon• 
1 Rectum• 
IX Liver ••1 
1 Gall bladder•t 
I I Pancreaa• 
Raapiratoa 

I I Trac:haa*f 
I I LuncJ*I 
I I Koae"' 
I I Pharynx" 
I I Larynx" 

7 

nGUU 1 

cardionacular 
I Aorta* 
1 Heart•l 
1 Bone urrow•t 
I Lyaph nociea• 
I Spleenl 
I Thyaua* 

~~Urological 
IX I Brain*+l 

006937 
006718 

I I Peripheral nftrle*t 
I I Spinal cord (3 levels)** 
I I Pituitary• 
I I !yea (optic n.)*f 

1 X 1 Rae! blocd. cell GJ.,andu:J.ar qroqenita:J. Adrenal qland* 
IX 1 Xidneya*+O !xorbital lacrimal ~landf 1 1 Bladder• KaBaary qland*t I 1 Teat .. ••• Parathyroictaa++ I 1 Epi~ctyaidea '!'hyroicta•++ I 1 Prostate ptbar tiaauog 
1 1 s .. inal veaiclel Bone (f~)*f 
I ! ovariea••t 1 X KUac:la•tl 
I I Uterua*l I Sk:in*l 
I I Cervix I All cp:oaa leaions I 1 Pallcpian tW:.ea UlCl 11a1aea• 

IX I Rllidual carca••• 
IX I Patl 
IX I Plaaaa (blood)l 

* Required tor aubchronic and chronic atudiea. 
~ Required tor chronic inhalation. 
t In subchronic atudiea, exaained and preaervec:l only if indicated aiqna ot toxicity or tarqet orqan involveaent. + orqan weiqht required in aubc:hronic and chronic atudiea. ++ orqan weiqht required tor non-rodent atudiM. @ Required tor deteraininq diatribution in w.taboli .. atudiea. 

(Pil"RA S~iviaion P teat quidelinea 185-1 (e) (3) (i) require that, in addition to the tiaauea liated in Piqura 1 &bcve, the levela ot atraaine or ita aet&bolitea lhall be ... ,urec:l in the teatea, heart, lung, apleen and uterua.] 
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v. . Blllll'1rl: 
• 

B. 'f'h• Metabolig of At,nzin• 

'l'o exaaine the aet:.IJ::Io1i•• o~ atra.zi~e in nt•, twc doses wore eaployed, 0.1 an4 4.0 wq/kg ot 4e-atraaine was c;iven to rats and the 'c-luel va• ~~A~aaur.cl in selected ti••u•• and in the rata expo•ed tor 18-daya, urinary and fecal level• ot 14c-l.e.l were aonitorecl. A recovery of 103. 9t and 93. 4t va11 tound tor the low and bic;h doaa groupa, reapectiVQ1y. For the low and high dose groua)s, reapectivel~, the urinary route accounted ~or 72.74t and 67. 2t of the elillination vherea• 27. 79t and 23 • 92' ot the 14c-label vas eliainated via the fecal route. T.be author reports that about 95t of the adainiatuecl dose is eliminated vi~~in 48 hou.-a atter the laat exposure. 
The tiaeuea contained the rcaainder o~ the 14c-labe1 (Tab lea 2 and 3) • The hi;heat tisaue levels in the low do•• group ( o .1 119/r&t) vere found at 10 daya in the llBC (1.95 ppa) followed by liver (1.10 ppa), ldclftey (0.74 ppa) and brain {0.38 ppa) ~ are listed in Table 2. The hic;h .. t tiaaue levels o~ C•l&bel, in decr ... inq o~er, in the bi9h dose grc:up of rata at 8 days v.re founcl u auch: RBC (21. 66 ppa), llvor (1.40 ppa), kic!Day (5.21 ppa) and :~I2c!:t::zf:!) (at~!~'y .~~r~1~.~~ ~~it!::~ kidney and brain had ainiaal levels (about lt) of l•c-l&bel reaaining. The r-ining tia•uea had lover levels ct l4c­label a1: 8 or 10 days and lover levels r-ininq at 18 day•. The peak tiaaue level• in the lev da.e group ~at 10 d•y whereas the peak levels in the high dose group vas reported at 8 daye. 

As-- percentaqe of ad:ainiatered doae ('fable 3) , the auacle had the highest levels tollovecl by the liver and RBC. Perc:entaqe of tiaaue levels vera highest in tboae rata sacrificed 4 daya atter initial at:azine expoaure ('l'Ul• 3). 
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Table 2 'fliaaue Levels of ltc-I.Uiel (l,llla) llallaini.ag After sacrifice (taken fra. 'table IV) 
0.1 wg/rat Tiae of Sacrifice lQaya) • 6 8 10 u --U .. _ Plasaa 0.06 0.05 o.o6 o.ot 0.01 0.01 RBC 1.11 1.18 1.63 1,91 1.31 1.53 rat o.ot o.o• o.ot o.os o.o5 o.ol ----------------------------------------------------------------------------~------~----~---~----~------
Brain 0.29 0.30 0.39 0,38 0.27 0.24 Kuscle 0,13 0.13 0.15 0.15 0.12 0.11 Kidney 0.67 0.63 0.74 0.71 0.32 0.23 ---------------------------------------------------------~-------------~-~-------------------------------
Liver 0.11 0.11 1.06 1.10 0.56 0,40 Stoaach 0.20 0.66 0.21 0.18 0.10 0.10 laall Intestine 0.21 0.24 0.26 0.15 0.06 0.09 ------·-----~-----------------------------------------------------------------------------------------~---
Lar9e Intestine 6.17 0.25 0.20 0.16 0.07 0.09 '•rga Intestinal Qontent o.8o 0.17 o,tt 0.30 0.11 Q,la 
l..tJLacJL.Wi 
~laoaa 
lBC 

'•t 
0.55 
1.30 
0.21 

o.82 
16.34 
0.21 

1.02 
21.66 
0.43 

0.37 
17.17 
0.23 

o.u 
15.50 
0.15 

0.07 
13.78 
0.11 ·----~-~--------------~--------------------------~------~--------------------~-~-----------------~-------

1.23 
0.77 
3.0t 

2.10 
1.37 ... , 2.48 

1.56 
5.28 

1.76 
o.t1 
3.41 

1.39 
0.13 
1.12 

1.14 
0.75 
1.26 

train 
luscla 
tidney 
·---~-~-----------------------------------------------------------------------------~----~---------------
.iver 
.toaach 

4.26 
1 •• 6 
1.44 

5.48 
2.01 
1.87 

6.40 
1.t6 
2.22 

4.41 
o.s2 
0.75 

2.87 
0.32 
0.32 

1.80 
0.15 
0.22 

IMll Inte•tin• 
·-----------------------------------------------------------------------------------------------~--------
•rga Int•stiDI 1.28 1.56 1.86 0.17 0.60 0.56 arda Intastlnal Content 1.~5 1a,a7 11.14 1.11 7.17 g,az 

w 
0 
..._J 

C> 
0 
m 
u:. 
w 
--.1 



Dal Mint 
Plasu 
RBC 
Pat 

10 

Table 3 Percent of Dose of 14c-Labol 118aaiD1Dg After sacrifice (taken fJ:Oa 'bble III) 

4 
0.15 
1.60 
0.26 

TiM of Sagrifigt TliiH1 
'--- ---l8..__ 0.08 0.10 

1.28 1.31 o.ao o.ot 

10 
0.05 
1.38 
0.37 

14 
o.o2 
1.08 
0.16 

18 
0.01 
1.11 
o.ot -~---~-~~------~-------------------------------------------~----------~~-------------~------~-----------

Brain 0.12 o.o8 o.ot o.oa o.o6 o.o5 
Muscle 3.66 a.,5 2.51 a.o5 1.11 1.55 
Kidney 0.3• 0.26 0.23 0.1'l 0.10 0.06 --------------------------------------------------------------------------------~------------------------

Liver 
Stouch 
saall Intestine 

2.55 
0.15 
0.15 

1.94 
0.35 
0.18 

1.70 
0.10 
o.az 

1.21 
0.05 
0.07 

0.85 
0.03 
o.ol 

0.43· 
o.o2 
o.oa ---------~~-~~-~-----------------------------------------------------------------------------------------

L&rqe Intestine 0.04 0.06 0.03 0.02 Os01 0.01 
Lll"9• lntustincl content 0.25 0.21 o.u o.oz 0.02 .• o.o2 l .• o Wllrat 
Plasaa 
ilBC 
Pat 

0.15 
1.48 
0.16 

0.13 
1.51 
0.12 

0.12 
1.46 
o.u 

o.os 
1..38 
o.oa 

0.02 
1.08 
0.04 

0.01 
0.14 
0.06 ---------------------------------------------------------------------------------------------------------

,rain o.o5 o.o6 o.o4 o.oc o.ol 0.02 
luaole 2.42 2.23 2.04 1.41 1.12 1.00 
tidney 0.18 o.1l 0.11 o.ot o.o5 o.ol ·~------------~----------------------------------~y-------------------------------~----------------------
,iver 1.27 0.17 0.12 0.72 o.•2 0.25 
ttoaaob o.oa o.o6 0.10 o.ol o.o2 o.o1 
1aall Inte•tin• 0.19 o.lo o.ot o.o5 0.02 0.01 ·--------------------------------------------------------------------------------------------------------
•rg• Inte•tine o.o4 0.02 o.o2 0.02 o.ol o.o1 
•rae Inte•tipal gpptept 0.31 0,31 g.l3 A·A4 0.11 0.01 E) 

0 b 

w 
Q 

00 

~ 0 
~ ~ 

~ 
m ~ 

~ 
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VI.. DtsaJUtq• 

Thia report ia a balance atudy o~ the di~po~1tion of atrazine in Jl&le rata repeatedly orally expotM4 to tai4 apnt. Atrazine appears to be rapidly excreted in the rat WJcleZ' these exposure conditions. About 95' of the acS:IIiniaterec:l do.. is eliminated within 11 clays after the last atraaine exposure. The urinary route accounted tor about 70t o~ tbe eltaination whereas about zs' vaa eliaimn:ed via the fecal :cute. The RBCa store the hiqheat levela followed. by the liver, kic!ney and brain~ tl'llder these axpoaure coDd.itiona, atrazine doe. not acCWilUlate iD the rat. The total recovery of adainiate:wd racUolabeled atruine tor the hiqh and lov dose groupa vaa 93.4' and 103.9,, respectively. 

Atrazine appear• to be rapidly excreted in the rat lmd.u these expoaure conc:litiona. About 95' of the adainiatered clo- is elillinatecl vitllin a cSaya attar the last at:aaine expo-=e. l'or the lov and high dose qroupa of rata, ~pectively, the uiaary route accountecl foJ:' 72. 7t and 67. 2t ~ the ellaination tlldl• 27. at and 23. 9t of the atrazine &ftd/or it:. aat&bolitu war• eliainatecl via the fecal route. Zltaination ot atraaine aadtor ita 11etabolitea by vay of exhalation vaa no1: aonitored or reportecl~ 

The tiaau- containecl the ~iniftCJ aJI01Ult ot the atraaine and/or ita metabolitea. The peak tiaaue l.vela in the lev dcae qroup occurred at 10 cSaya wbereaa the peale levela in the hiqh dose qroup vaa npoJ:'ted at a 4aya. The hiC)heat tiaaue levela in the lov doae qroup (0.1 ..;/rat) were tovrd at 10 daya in the uc tolloved by liver, ld.clney and brain. ZD cSecre&ainq oner, the hiqheat tiaaue levela of atrazine in the hip =- group of rata (l.O 119/rat) at a 4aya vera: RBC, liver. ld.CD~y an4 brain. In qenaral, 10 4aya arter the laat doae or atraaine (at the 18-day sacrifice), the JtBCa, liver, kidney ancl bl:ain W aintul 1.,.1• (about 1') of atruine and/or ita -tabol.itee r-inincJ. ti'Dder theae exposure condltiou, atrazine doea DOt accualllate 1ft 'tbeae tiaauea in rat:. %tlpe&tec!ly expoaocl to atraaine. The pattam of atrazine t:J.aaue diatribution founc! in th1a zoeport vaa aia1lar that fOUDI 1ft r~e rata expoaecS to a ai.Jiilar doaaqe rec}ben (MRID No. 404313-05, Study No. ABR-a7087). 
Cla••itiation: keeptable: Thia clutitication ia based on the fact that the ..thoclolcxn requir~t• .. tablilhec! in the Peaticic:la Aaaea-ent Guidelinea, Subc!ivillion 'P 18!5-1 have been satisfied only tor report.t.nq the c!.t.atribution ancl exct:eticm of atrazine in male rats. However, all of tbe data requir..anta for metabolism atudi•• set tortn in ~aS-l have not been reported. 
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~~~··.t-:. .J. section VI, :oxicoloqy Branch (TS-7GtC) 1 , /:.1~ ': I.. •. 

I. StmMARX: 

STUDY TYPE: Metabolism - rat (85•1) 

ACCE§S!QN NVMIEB: 

TES't HATEBIAL: Atrazine 

Qi!fiLL NO: G3 

MBID NO,: 40437.5-01 

SXNONYH~: 2-Chloro-4-ethylamino-6-iaopropylamtno-a-triazine 
SIUPX NUMJER: ABR-87llG 

spoNSOR: CIBA-GEIGY Corp., Aqricultural Division, P.O. Box 11300 Greensboro, NC 27419 Thomas Parshley, Bequlatory Specialist (919) 292-7100 X7207 
TESTING FACILity: 

TITLE OF REPORT: 

AUTHOR: G.B. Orr 

CIBA•GEIGY corp." Bio:hnistry Dept., P.o. Box 18300 Greensboro, NC 27419 

A Summary of the Dispos~tion, Kinetics and Metabolism of Atrazine in the Rat (General Metabolism). 

REPQRT ISSQED: November 17, l987 

CONCLUSIONS: 

After further review of MRID No. 404375-01 and the data evaluation report on MRIP No. 404375-0l, it was found that the major urinary metabolites in the female rat are chlorinated triazinea, not hydroxylated triazine• as stated superficially in MRIP No. 404375-01. The reqistrant states that the hydroxylated metabolites of atrazine are artifacts of the procedure used to isolate the metabolites. The major urinary metabolite of atrazine in female rats reported in MRXD No. 404375-01 is 2-chloro-4,G-c1iamino-a-triazine (15). The molecular structure of this atrazine metabolite is shown in Fiqure 1 (the number in Fiqure l correspond to number '15' with the above .. tabolite&). · The ic!entification of the metabolites above indicates that H­dealkylation is the major metabolic pathway for atrazine in female rats. 
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2 

Clapaiticotion: Acceptable: This classification is based on the tact that the methodology requireaenta established in the Peaticide bHaament Guidelines, Subdivi•ion F 185-1 ba._,e been satisfied only for repoZ'tiD9 (1) the identity of urinary 
metabolieea of atrazine in female rats as well •• (2) the distribution an( excretion of atrazine in male and female r~ts. However, 4ll ct the data requirements tor metabolism studies set forth ilJ Subdivisi~n F 185-1 have not been reported, i.e., (a) the ur1nary and fecal metabolites of atrazine in aale rata and (b) t~e fecal metabolites of atrazine in f .. al .. auat be identified to satiafy completely tha 115-1 data reporting raquirements for the metabolism o~ atrazine in the rat. 

PCljreports;atrametl.003 
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FIGURE I. CHEMICAL NAMES AND STRUCTURES 
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SUBJECT: 

FROM: 

TO: 

THRU: 

At:razine 

UNITED STATES ENVIRONMENTAl. PROTECTION AGENCY 
WASHINGTON. O.C:. zo•to 

DEC 8 938 

006937 

Cl .. f'ICil Of' 
PlliTICIOCS ANO I'OXIC tUetiTANCe;$ 

Atrazine Registration 1tandard: Mutagenicity Testing 
Requirement 

., .. 1 "' • .• 

Kerry L~ Dearfield, Ph.D. 1('::. ·fi' ~.·i.:~~~itf . .., ~7 GenetiCl.St I "- . I~··· l:J ' . Science Support Section ~ 
science Analysis and Coordination Branch 
Health E!!ec<cs Division (TS-769C) 

Marion copley, D.V.M. 
Acting Sectio~ Chief 
Section 2 
Toxicology Branch I - IRS 
Health Effects Division (TS-769C) 

John Quest, ?h. D. tt'A. ~ 13,7-n' 
Chief 9f> 
Science Support See on ~ 
Science Analysis and Coordination Branch 
Health Ef!ects Division (TS-769C) 

CAS No. 1912-24-9 Tox. Chea. No. 63 

I . Background 

As of my previous memo to you dated Aug 19, 1988, Ciba-Geiqy 
had not fulfilled the minimum require.ents for mutagenicity 
~esting as required by the OPP. Tha only acceptable tests that 
had been submitted fulfilled only one of the three mutagenicity 
testing categories, i.e. gene mutations (e.g. acceptable 
Salmonella assay). The two other categories h~d not been 
fulfilled, i.e. structural chromosome aberrations and other 
genotoxic effects. In a subsequent submission from Ciba-Geiqy, 
an ac..:eptable mouse micronucleus test (MRID t 407223-01) was 
reported and minimally fulfilled the structural chromosome 
aberration category. A recent Ciba-Geiqy letter (dated June 29, 
1988) mentioned that a ODS assay in rat hepatoeytes they 
performed was earlier considered acceptable; however, upon 
rereview, it was downgraded to unacceptable for reasons outlined 
in a memo dated April 26: 1988 from this reviewer to Robert 
Taylor. Therefore, one mutagenicity eateqory (other genotoxic 
effects) rP.mains unfulfilled for registration purpose~. 
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The subllli. tted neqa ti ve mouse micronucleus assay would new 
minimally fulfill the structural chromoso•e aberration cateqory. 
However, it may still not alleviate our concern about atrazine•s 
potential qenotoxicity in vivo. A published report (Adler. 
Mutat. Res. 74: 77-93, 1980) suqgested that atrazine induced a 
positive increase in aberrations at a dose of 2000 mgjkg by oral 
qavaqe in olive oil. The submitted micronucleus test, althouqh 
found neqative, tested to a similar level of 2250 mg;ka by oral 
qavaqe in CMC. In another Ciba-Geiqy submission in .. ~ich Dr. 
David Brusick performs an assessment on atrazine {dated 
December, 1987), Brusick makes several points relevant here: the 
micronucleus assay would not totally offset the reported positive 
bone marrow metaphase assay because (a) the metaphase assay is 
qenerally considered to be more sensitive, and (b) the neqative 
assays were performed at rouqhly equivalent dose levels. Also, 
vehicle effects may influence the results. The positive study 
used olive oil and the neqative study used CMC. Brusick again 
points out that a closer inspection of olive oil studies would be 
valuable and that the bioavailability of atrazine from CMC miqht 
be investiqated. overall, it would have been useful to repeat 
the ~ablished study to address the possible concern for atrazine 
mutagenicity. Additional testing for domina."'tt lethal effects, 
effects by pl.ant metabolites and possibly aneupl.oidy was also 
recommended in the April 26, 1988 memo. 

II. Recent communication from Adler ~n published paper 

This reviewer has been in contact with the author of the 
Adler paper published in Mutation Research. Dr. Adler has sent 
to OPP the summarized Proqress ~epor"i:s of the atrazine work 
performed by her and. her colleaques. These include swamary 
tables of their data for our evaluation. Summarized progress 
reports of four studies submitted by Dr. Adler included l.) 
induction of dominant lethals in male mice, 2) spot test for 
somatic mutations in mice, 3) chromatid aberrations in mou~e bone 
marrow, and 4) micronuclei in 9olychromatic erythrocytes of mouse 
bone marrow. The first three studies are reported positive by 
the investigators and the micronucleus test neqative. It ~hould 
be noted that raw data and complete protocols were not provided 
and that Dr. Adler pl.ans to publish this information in 1989. 
While each of these studies individually would not be classified 
as acceptable to satisfy the different categories for 
mutaqenicity testinq (e.q. incomplete protocols; no report of 
positive controls; use of only one sex in the micronucleus 
assay), the data provide enouqh information to elicit~ concern 
for a possibl.e mutagenicity concern for atrazine. It is the 
responsibility of the Aqency to be aware of such concerns and 
address them. That was the intention of the April 26, 1988 memo 
fr-:>m this reviewer to Robert Taylor when it stated t!lat t!:e 
reported positive published studies should be examined in Jilore 
d-etail. The registrant should address these concerns with 
acceptable submitted studies. 

2 
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Atrazine was examined for dominant lethal effects in hybrid 
male ( lOl.xC3Jt) F1 mice (investigators were u. H. Ehling and J. 
Kratochvilova). Kale mice were exposed to atrazino at a dose of 
2000 mg/kg by oral intubation in olive oil. This dose vas lethal 
to l4t of the exposed mice. Males were mated to females for up 
to 48 days post-treatment in 4 day·matinq intervals (new females 
every 4 days). There was a low frequency of fertile mating• in 
the first mating period {38.6t compared to 96t frequency for the 
control). However, once pregnant, females appeared to have a 
comparable number of corpora lutea and implants as the controls. 
rhere was a slight increase in dominant lethal mutations in the 
first 3 mating periods (i.e. first 12 days mating post-treatment) 
as &videnced by an increase in the percent dead implants over 
controls. 

A spot test was performed to examine for presumed somatic 
mutations in mice (investigator vas A. Neuhauser•l2aus). Embryos 
were treated in utero with atrazine on the ninth day after 
conception by oral administration to the mothers. Three 
experiments were reported. The original experiment administered 
atrazine in olive oil at single doses of 600, 800, 1000 and 1250 
mgfkg. Offspring were examined for color spots at 4-3 weeks 
after birth and than again at 3-4 weeks. Toxicity was seen as an 
increase in sterile females up to 800 mg/kg. Higher doses killed 
some females (precise numbers not provided) • However, litter 
sizes at weaning were not influenced. No evidence in an increase 
of color spots was evident after atrazine administration up to 
800 mgjkg in olive oil (no data at higher dosin~;. Atrazine was 
orally administered in corn oil with 0.2t tocopherolacetate at 
600 mq/kg in the remaining two experimenta. Other conditions 
appeared similar to the original experiment. In one of these 
experiments, atrazine increased the number of color spots over 
control in a statistically significant manner (p-0.031); whereas 
in the other experiment, there was an increase, but was not 
statistically significant (p-0. 061) • The investigator ex&lli.ned 
the results in all three experiments and found they were 
homogenous within control and within experimental qroups. 
Therefore, the data were pooled and a statistically significant 
difference between controls and treated groups was found 
(p•0.007). The author concluded that 600 mgjkg atrazine induced 
spots when suspended in oil. Only spots of genetic relevance 
were analyzed (i.e. white mid-ventral spots not included). While 
these data do not impact on heritable risk, they su~gest there 
may be a concern for soma~ic mutations and perhaps for 
reproductive/developmental effects. 

l'Wo in vivo cytogenetic studies waL~ )erformed with atrazine 
(investigators were u. Kliesch ar.d I.-c. Adler). Abarrations and 
micronuclei were assayad in bene mar~ow from hybrid (lOlxCJH)F1 
male mice after oral administration of ~trazine. The aberration 
study is the one mentioned above (Part I). A single Jral dose ol 
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atrazine at 2000 mq/kq ir. olive oil was qiven to a animals. Bone marrow was obt~ined 24 hours after treatment and 125 mitoses/animal scored. An averaqe aberration frequency increase of 4.lt va. 0.7t tor controls was found. Only deletions of the chromatid type were reported. In the micronucleus experiment, a sinqle oral dose of atrazine at 100, 500 or 1000 mq/kq in DMSO was qiven to 4 animals/dose;aacrifice time. Bone liiUlrrow was obtained at 24, 48, 72, 96 and 120 hours after treatment and 2000 polychromatic erythrocytes/animal were scored. Heqative results were obtained. In this same. report, an additional data entry appears to show that atrazine was also tested in the micronucleus east at a sinqla dose of 2000 mq/kq in olive oil and bone marrow obtained 24 hours after treatment. These results were also neqative. The neqative micronucleus results appear consistent with the reqistrant' s own micronucl.eua teat reaul ts per:formed in a different mouse strain {MRIO 1407223-01). 

III. Requirements for Reqistration Standard 

As far as minimal requirements for mutaqenicity testinq is concerned, tha cateqory for other qenotoxic effects has not been fulfilled. This is a data qap that should be addressed in the Reqistration Standard. Tests that may be appropriate here may examine for aneuploidy and/or the impact of plant metabolism. Since these are not routine teats, the selection of what teat(s) to perform for this cateqory Ehould be discussed with the OPP. 

'l'he results from the dominant lethal assay suqqest that there may be a concern for ~eritable risk from atrazine exposure. The reduced fertility frequency indica:es that there is exposure to the qerm cells in the exposed males. The sliqht increase in dominant lethal etlacts suqqests that there may be qenetic alterations that could be transmissible. It should be noted that since the results are not overwhelminqly positive, the results alone do not suqqeat a very hiqh priority concern for heritable risk. However, atrazine warrants further examination due to ~~e potential exposure to humans. Atrazine is amonq the most commonly occurrinq pesticides in qround water. It is also found in surface waters. The hiqh frequency of atrazine detection in qround water is related to its hiqh volume of use. More pounds of atrazine active inqredient are applied in the United States annually than any other pesticide (with the possible exception of alachlor). In addition, for applicator exposures, there are many instances where the marqins of safety and marqins of exposure are considered to be of toxicoloqical concern. With this hiqh potential for human exposure, the Aqency should deal with any concern for potential health effects, heritable risks included. 

Ciba-Geiqy has also performed a dominant lethal test in mice (Document #005833). However, this assay was considered unacceptable despite the collection of additional information concerninq this dominant lethal assay. It should be noted thae 
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this endpoint vas a concern as Adler (1980) r.ported a t;~ositive effect in this assay (discuaae4 above). The Agency voul~ like to see this resu1t ac!c!reaaec:l. Bnaick statea in his review that the positive eftecta were found at a higher dose level tha~l that of the submitted doainant lethal study and airu:e there vera no other confoundinCJ factors, the positive reantl.ta are accepted ic. his analysis. Apin, it should lM aentionec! that vehicla e!.Cects 111ay play a role here (the positive study used olivo o~l, the neqative study used CMC). 

It is suCJqested for the RecJistration Standard that an acceptable daainant lethal assay with male mice be perfo~~ with atrazine aetive ingredient. Since it is the intention to reproduce the publiahed study's results, it is highly recr.,JU~ended that the registrant discuss with the OPP the proeoeol(s) tor which to perfora this teat (e.q. selection of doses, dose range, vehicle, aniliUll strains) • This test should be able to be completed and reported to the OPP within a one year time period. 
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Revievad by: Sato:d W. 8iCJelov, Pb.D. /1:'f.y Jil s-/(jit section VI, 'roxicolQ9Y Branch ('rS-7tiC) secondary revievu-: Juclith v. ltawnrirth, Ph.D.'}• J.(dc,. b) .~ section VI, ToxicolQCJY kanc:b ('rS-7tiC:) 

1 J.N Si,, •. 

1: • smpiiiX: 

:iTYPY TUI: Ke1:abolia - rat (85-l) CMDLL 10: 43 

IIUQ JIQ,·: 404375-01 
'J'IS'l' MATQXAL: Atnaine 
iJHOUXMS: 3-cbloro-4-ethylaaino-6-iaopropylaatno-A-triaaine 
:iTUDX HmiiQ: AD-17114 
$POHSOB: CIBA-GZIGY Corp., ~ic:u.laaral Diviaion, P.O. Box 1&300 Greeuboro, !IC: 27419 'l'hoaa Panhley, Jt&gul.atory specia1iat (119) 292•7100 X7307 
'J'ISTnfG PAC];Lrl'Y: 

AUTHOR: G.B. on-

C:IBA-GZ%GY corp., Biom-ta~ Dept., P.o. Box 18300 Greenaboro, !IC: 31419 
A su-ry ot the Diaposition, JCi.Detica and lletaboli- ot Atraaine 1D the Rat (c:eneral Ketaboli-). 

BIPQRT ISSQIQ: !lcwabu 17, 1117 
COKCI.tJS];OHS: 

'the mi"Y data rtaCJU:cliftCJ the diauail:nltion, -t.&Jx)lia and the elt•Loaof atraaine vere prcwic:IM 1D thia nport. 'l'o thia end, 1:JU:M ..,arate experiaenta van c:onduc:te4 vith the wae ot ~ ~ of nta. Radio1abelecl auaai.Ba (triuine rinq, unit~r:aly labeled) vu ued by the autllo&" to -ure the diapoaitiala of atnaine and/or ita -taboli'tU in the rat. The firat experia.nt vu pertoraed to a••- the diatrU.Ution and elillination of atraaine in aale aid t.al.e rata npeate41y expoaed to daily do••• of atrazine. The •eccmd experiaent vaa pertoraed to ...... in further detail tbe diatribation of atrazine in f ... l• rata, .. pecial1y in the re4 blood cell. The ehird experiaent vaa conducted to identity the urinary ~~tabolitea ot atrazine torm.d by the f..a1e rat. The abaorption of atrazine in aale or t ... le rata vaa not reported. 
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Exsratiao o( as;raaiM in ratp. AlxN.t t5t o~ the atrazine a~iatered.orally ia excreted within 7 4aya attar ceaaation of exposure. The route o~ atraaine excretion vaa reportec:l to be independent of the doH and sa ot rat. About 75t of the atraaine ia excreted thnUCJh the urinary route wherua about 20t of the auaaine ia elillinated in the ~ecea. '!!'he elillination route tor the ramaininq 5t vas not r-.ported. Also, the level of atrazine eliaination ~y exhalation or throuCJh the akin (.veatinq) was not reported. 
htabolig of atrazine in rrta. 'l'h• data reporte<l in thia study indicate• that deChlorination ot the triaaine rinq an4 H­deallcylation are the -jOZ' .. ta~lic pathvayta tor atnaine i.1 rata. OXidation ot 1:he alkyl aubatituenta ct atraaine appears to be a ainor and secondary .. tabolic route. 

The author argues that a "car~n-aultur lya .. ," cleave• the qlutathione reaid.ue troa an atraaine aetabolite to produce a thiol-containinq atraaine aetabolite. 'l'he author turthu posits that the action ot the lyaae naulta in the cxwval.ent ~incUDCJ of the thiol-containi.Dq atraaiDe aetabolite to hGOCJlobin in 'the red bloocl cell, a tindincJ tJ:oa the JIUltiple exposure atucliea C depicted in Table 7) • Hovevar, the author has not provided evidence in thia atudy whether lyase ia present in r.d blOOd cella. 

Snp•rv. '!!'he whole body halt•lite ot 1.61 daya tor atrazine ia conaiatant with the cbaervation that 95t of the adainiaterec:l dose ia elimination within 7 4aya attar expo.ure. Tba red cella store the hiqheat concentration of atrazine in the rat, apparently throuqh the covalent bindinq of a .. tabolite. Onder the doaa reqtaen eaployed in this atudy, atrazine doea not accu.ulate in the rat. 
· 

Claaaification: kfcepbbl.e: 'rhia classification ia baaed on the tact that the -~bodolOCJY raqui~t• eatabliahe<l in the Paaticide Aaauaaent CUideliDea, Subcliviaion F 185-l have been satisfied only for reporti.Dq ( l) the identity of urinary metabolitae of atraaine in female rata aa well aa (2) the ctiatri.J:NUOD aD4 excretion of atraaine in -1• aDd. feaal.e rata. However, all ot the data requir .. enta tor .. taboliaa stUdies .!let forth in SUbdivision P 185-1 have net been reparteeS, i.e., (a) the urinary and fecal .. tabolitea of atrazine in .. le rata and {b) the fecal .. tabolttaa of atrazine in t ... lea J~Uat be iclantified to co.pletely aatiaty the 185-1 data reportinq requirnenta for the aetabo:l.i- of atrazine in the rat. 
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'l'eat 
i:mJm 

1 control 
2 Lowl (Im1) 

3 t.ov2 (LD't2) 
4 Lov3 (LD'l'l) 

Daily Oral. 
Dolle cUvea 
(-.:r,!JsSI) 

0 
1.0 

3.0 
7.0 

5 

Rata 
!f'•I:I.Sl 

2 
2 

2 
2 

C067!a 

tNZ'ation 
0~ 

lgolnlra 

10 
10 

10 
10 

!d•Dl 

5 I.ov4 (LD't4) 10. 0 2 10 G Ki41 (KD'rl) 50.0 2 10 -~-~~-~~~~~~~~-~~~---~~~~~~-~~~~--~~~~-~~~~-~-~~~~----~-
7 High (BD'r1) 100. 0 2 10 

1 High 

2 Kic:l 

Daily oral 
Do- Given Rata Cw/lw) c t-l.el 

100.0 5 

1e.a - 1s.e a 

Duration 
0~ 

1¥P9an Cc!ay) 

1 

1 

a. Pi• preperat;igp: Atraaine vaa vaa given onl.ly to the na (via a atollach tube) aa an active ingncU.ent or aa a radlolabel.ec:l active ingredient. .Aniula wen allaved ~·• 
ac:c:e.a to antul ~eed (PUrina) an4 tap vatu. 'ftae ant.ala vera allowe4 a one•v.at accliaation period prior to initiation ot expertaentation. 
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:rv. UIINQI: 
• 

A. obynat.iqna: The frequency ot clinical obaenationa made on theae rata vaa not providw.! in thia s-...ary report. 
Toxic:ity{lortality csuryiytll r1ault1: Th•r• were no treataent•related deathS reported in ~ia atudy. 

a. Atrazine doaaqa ;egi••o•: Three aepa:ate experiaenta were c:onduc:tecl with the uae ot three group• ot rata. 'l'he tiret experiJlent vaa pertoZ11414 to •••••• the diatribution and eliaination ot atrazine. The aecond experiaent was pertoraed to asacaa in further detail the diatributioa ot atrazine, eapecially in the red blood cell. 'l'he third experiaent vaa conducted to identity the atzazine aetabolitea tonect by the rat. 
1.. lxperiJF•Dt. tl. Aa llhovn i.""l 'l'ablea 1, 2, and 3, reapec:tively, thr.. groupa ot rat. (5 ulea and. 5 taalea) ;:;:i:.t~;lz-.alc!lal v~;:. ~~~~~=-~traa:.• att1:S~u: ••cond gJ:OUp vere CJi ven a ainqle oral c!oae ot 100 8CJ/k9 14c:-auaainel and a third group received. daily oral doe­of 1 8CJ/k9 ot nonradiol~led atraaine tor 14 daye and on day 15, vaa qiven 1 aCJ/kCJ c:-atraaine. 

Follovinq the laat do•• of 14c:-atrazine in each group, the tee•• and urine vere c:ollec:te4 in each aniaal tor 7 day•. FollovinCJ thia, the rata vere aacritic:ed and the urine, tecea, and red blood cells, and. the tollovinq selected tiaau•• were analyzed tor 14c: content (Figure 4). 
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in 4ftcb group vaa Acrificecl 3 hours aft:er the tent:h c:loae ot C:atrazine ancl the otl'ler uiul in •ft f%'OUP vas aac:it.t.ced. 72 hour• atter the taath doae ot 4c-auaaine. The c:liatribut.t.on ot 14c-1abel 1D the urinaf tecea, red blO<MS c:ella, and the tollovi.DIJ aelec:ted tissu•• vaa c:leteained tor .. ch taal• rat (Pilgare 2) • 

Qicuatl.u IYAAA 
I I 'l'OJI9\II 

nc:;aaa 2 

C:arsliqyaiGUltr 
I .aoz1:a* 
I Ke&rt*l 

JfaWol.qqical. 
IX I 'kain*+l 
I I Peripheral neEVe*t 

I I Salivary glenda• 
I I Eaophac;ua* I Bone url!:aw*t 

I LYJIPb llOClu* 
I Spleenl 

I 1 Spinal cord (l lPels) ** I I Stoaach* 
I I Duodenwa• 

I X I Pituitu'y* 
I I Byes (optic n.)*f ! I Jejunua• I I ftyawi* 

IX I Red blood cell qlan4glar I I Ileua* tzrqpnital Adnnal glancl* I I C•c:t.ta* I X I Kidneya*+l I I Bxorbit:al lac:taal qlandf I I Colon• 
I I R•ctwa* 
I X I Liver •+I 
I I Gall blac:lc:ler*f 
I I Pancrua• 
Respiratory 

I I 'l'rac:h•a *I 
I I Lung*l 
I I Hoae" 
I I Pharynx" 
I I Larynx" 

I I Bladder* I X I Kaaaa:y qlanct•t I I 'l'•tea•+l I I Paratbyroia•# I I Bpidiclyaidea I I 'rhyroiu•++ I 1 l'ZOatate ot;h•r tiaae• I I Se.inal v .. iclel I BoDe Cf..ar)•t IX I OV&ri•a•+l I I MUacle•tl I I 'Ote1"Ua*l I I Sld.n*l I I Cervix 1 I All groea leaiona I I Fallopian tubea and ... •••• 
I Reaidual c:arcaaaf 
I Fatl 
I Plaaaa (blood)l 

* Required tor aubcbronic and chronic atud.i ... " Requirec:l tor cbronic inbalation. t In aubchronic at\141••, exa•ined. and preaerved only it indicated siqna ot toxicity or tuget orc;an invol~t. + organ ni9ht reqairecl in aubchronic an4 chJ:onic atudiu. ++ organ weight reqairecl tor non-rodent atad.i•. @ Requu.t tor clat.eraininq diatribution 1D .. taboli .. atud.t.ea. 
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Experiaent tl. The 5 aalc &n4 5 female rata vera uae~ to assess the cUspoeieion and eliaination ot atrazina atter single or aultiple oral do••• ot atrazina. Tabla 4 ahova that the toul recovery ot atrazine avefaged 103. 9t tor the cp:oup given a ainqle doae ot 1 •CJ/lcq •c-at:raaina, 103. 2t tor the qroup ot rata qiven a sinqla do•• ot 100 a;/kCJ l4c­atrazin•, and u. Jt :or the <p:oup of rata CJiV.n a daily dose ot l llCJ/k9 atraaina followed by a sinqla doae of 1 mqfkq l4c-atraaine ~n day 15 (ratarrecl hera aa the multiple doaing or the .ultipla axpoaura group). 
concerning the eliaination ot at:raaine or ita metabolitaa, approx~aataly 95t ot the -l4c-labal vaa excreted within 7 days of the laat axpoaure (Tabla 4). In all 3 groupe of ra1:a, roughly 75t of 1:1w 14c-1~ vaa excratad in the urine vharua aJ::tout aot ot the l4c-lual vaa eliainatecl in the tecea. Both diacuaaion of other routes ot elillination and the ~inJ.Jlq 5t of the ac:bdniatarac! atrazine were not reported. 

borne Hft~!~~i!!r-:-::::z:v~~ :::;y:tfca~!; !~:Jii:~ decrea•• (p <0.05) in the .. an laval of tiaaua-borna l4c­labol waa tounc! in those rata qiven a ainqla dose of 100 liCJ/lo:J when coapared to the c;roup of rata who received a single doaa of .&. aq/lcg atraaine. Mao, a atatiatically 
:!=tir:g:l::.c:r-::1} <Pt~!5) i:n ~.:U:tiav~i~i·:~~ mul tipla ()ral doaea of a trazine when COIIpand to the cn"QUp ot rata who ::ac:aivecl a einCJl• oral d011a of 1 IICJ/)tg' -l4c­~~4"•'1ina. lfo ditterancaa vera ®served bet.vaan ••x•• raga:cU.l'lCJ the percentage of l4c-l&bel that vas excreted in the 1U:ina aDCI tacu (Ta.ola 4) • The pattern tor tiaaua diaui~Nta4 bet.vaan ainc;la and. aultipla apoau:a groupe w~ eiailar (Table 51 c~lle~ted 7 daya after expoaura to l4c-atrazina. 

Tba red blood cella (RBC) had the hiqhaat levala ot l4c-label ot all ti•auea studied (Tabla 5). The ratio ot RBC bindi~CJ ef the l4c-la~•l vaa proportional to the doe• adllliniatared 1 i. •. , the concentration for the high doae . sinqla expoaura group (lOC JICJ/kq) vaa about 100 ttaea that ot the low doaa ainqla a:~q:~o•ure qroup (1 Jlq/kc;) 1 and the tissue concentration of t.ia multiple dose group (l mq/kCJ tot: 15 day•) waa the same ( l. ll and. 1. oo) to that of the 
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!'able 4 Di•tribution and Blbliaatioa of 14'-'-Label (~) &ftel' 7 Day• hllowing 14c-Atraaillla t'reata.nt (t•un tX. ftble I) 

. Doae leO N'U 100.0 g/kg 1.o IQ/kg liUltial• 4ott•' 
sex (f) llale1(5) ... 1 .. (5) Ha1ea(5) P--1•!5(5) Ha1e1(5) PeMlaa(5) 

Urine 0.77 ;t0.01 0.77 ;t0.02 77.27 ±1.67 7t.86 ±2.16 0.67 ±0.04 0.62 ;tO.Ot 
Pee•• 0.11 ;t0.01 O.lt ;tO.Ol 21.34 ±0.55 17.85 :t0.71 0.1t ±0.01 0.17 ;tO.Ol 
Tiaauea 0.06 ;t0.001 0.07 ;t0.001 4.t8 ;t0.13 4.41 ±0.34 0.047 ;t.002 0.046 ±0.002 
cav• vaah 0.002 ;t0.0004 0.003 ;t0.001 0.33 ;tO.OI 0.2t ;t0.11 0.005 ±0.001 0.006 ;tO.OOl 
~--~----~----~-------------------------------------------------------------------------------------------Total 

l Recovery 

w 
N 
c.n 

1.02 ;t0.01 1.04 ;t0.01 

102.t ;tl.l 

103.12 ;t1.44 102.48 ;t2.1t 

103.2 ;tl.5 

o.t2 ±0.44 o.e5 ;to.ot 

81.3't4&t 

0 
0 
C') 

co 
w 
.....a 
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a. QiU.riwt.i;;n of rasiioJ,aalld atrazina tfttr f'9peatad ~lily doainq lnd multiple IARplinq. 

Another expert.ent waa conducted with a vrot.ocol dtaiqnec:l to 4ettnaint ~ bodily cUapoaition of Uc-labtl atter multiple 4o••• of 4c-atraaine. The rtcovery of the total do•• ave~\tc! 89.2t in rata killed l·houra atter the tenth doae of · c-atraaine an! 94. 2t in rata killed 72 hour• aft•f. the tenth do•• of 4c-atraaint averaged. The aaount of 4c-labtl of the total dote excreted in the tec•s in rata killed at l hour. waa ll.4t and vaa l4.8t in rats killed at 72 hour• independent ot the dose. The amount o! l4c-1Gtl of the total doae ucretec! in the urine waa 69. 5% in the rata killtd at l houre and 7S.lt in the rata killed at 72 hour. indtptnd~t of the 4oae. Tht total percentaqe of the initial dose C•atraaine excreted in the urine and fiCII in thl rata killed It l hour& VII 82 • 9t and in the rats killed at 72 hours vaa 91.1%. 

platwa concegtra;ions of a;razine. In thia multiple doaing experiaent, p1•sma concentration• were rtlatld linearly to the doae o~ l.4c-atraaine ('l'ablt S). That is, pluaa concentrationa in rata given 100 llliJik9 1-lc:atraa!nt vert roughly 100 tiala that of ~ata given 1 ~/kq 14c­atraaint. 'l'hia coapariaon i&ppliea to all o~ tht doaaqe cp:oupa at JIOtlt tial pointa li•ttcl in Table a. overall, durinq daily doainq plasaa ltvtla of atraaint or its aetabolitea qenerally roat and reached an apparent plateau or attady-atate. After daily dosiftq had atopped the followinq toxicokinetic valuea vert calculated troa the data obtainecl: 

o tht vb.olt body halt•lift, or t112' ot 38.6 hours (1.41 ctaya) tor the tliaination of atrazint or ita -t&bolitea, 

tl'l_:t .. tiaated volwae of diatribution, or vd, for the l'aily 4oae of 10 119/kCJ vaa 4. 15 LJkq, and 
·st a dol~ ot 
\:On~tration ot 
ate&dy-atatt was 
of plaau. 

10 aqJkq, the mean plasma 
atrazint or ita metabolite• at 
5. 61 mq-equivalenta 14c-labtl/L 

For distribution aoc:ltls that follow tirat-on!tr kinetics such aa thia model proposed tor atrazin•, tvo relationships a:e tounct: (l) tl/2 and vd are ind•~fdent ot the doao and (2) the pla- concentration of 1 c-labtl ia directly proportional to tht doat of l4c-atraaine. 
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BF c:oncg:Q1!igna gf at;q.zia. The sue experiaental ..cbOd• uaed f~r dete~CJ pls..a concentration• of atzazine ~ ita utabolitea waa eaployld to ~ the levti o~ 4c:-l&M\ in Ad bloocl cella (llBCtl). The c:ODCutration of 1 <:•label in RBCe roaa 4ariDc; repeated. dally doeiDq of 14c .. atruine and di~ DOt ruch a plateau or ateady state (Tule 7) • lt8C concutrationa appearecl to be . proportional (uaually supralinear) to thtl dose o~ l.4c:-atrazine. i Aftt•~c: c1~~~~t~~! .. •-~~ .dail!,
1 

ct_.oainq, the concentrat on o 1.. - -... .. -...-&- .. or ..,. .. oaea except the highut doae, 100 IIIIJ/lccJ l4c:-atrazme. 
After daily do•inq vas atopped, the data va. obtained frca the level of l.tc:-label. in the urine. The following toxic:oJdnetic valu .. were calculated h'oa those data: 

0 

0 

.o 

'the 1le&ft doaap halt-lite, or t112, was 1!562.9 houra (8.14 days) tor the eliain&t~on of atrazin• or ita aetabolites troa Rac:a, 
tlhl eat.illatld ..roluaa of diatrilNtion, or vd, for the daily dOll Of 10 wq/kg V&a 0 • 7 !t/kq, and 
at a doae o~ 10 aq/kq, the aean plasma c:ol't.Cifttration of a ·;razine or ita .. teolites at ateady•lt&te va. 104.6 .q•eqaivaluta 14c-label/L o~ cella. 

The RBC:plaaaa concentration ratio waa rouqhly related linearly in all do .. levela. The 11tiaated half­life of 8.14 daytl and the la~e voluw.e of distribution 104.6 .;-~valenti/L) in tmCa indi.cate that extenaive bindinq o~ atnzine aDd ita aetabolitea in RBCa vere oc:c:arrinq. (The life apan of a rat RIC ia 4!5-!56 daya) • 'l'!le au~on apec::ul.ate that bindinq o~ 14c:-label ia of a covalent na~. 
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TiiiUI CQQCiftCEatiQDI OC ltEIZinl. Thl tiiiUe concontz.tions ot atrazine and.. ita .. tabolitea ven Maaurecl in aeloc:tec:l tiaauea troa llliMla lUlled at 3 and at 72 houn (Table a). At all doaeav tia.ue levels ot 14c-label are conaiatantly love~ in all ania&la Jd.llecl 72 hOUJ:1I attu caaaation of 14c-a~1:'ad.na u;poaure, a tindinq that conoboratH the obaanad decline in plasma conctfttration of l4c-label ~(Tabla ~1. Tba liver had the hiqhest tiaaue concentration of ~~c-lat• , followed by the kidney, pituitary and ovary. Tbe brain had ~ loveat tiaaue 
~~:~:!:1~-:~=~ ~i.:at,· ~~=t li~.::::r v!:. -=:r:~~; supralin•ar, i. •. , the tiaaue level ill n.ta CJiven 100 119/lcCJ 14c­atra:ine waa q•narally 200 tiaea higher tban that of rata qiven 1 aqjkq l4c-c&traa:ine. In ud.Jaala aac~iticec! at 72 houra, th• m&lllHry tiaaua:plaaaa conCIIltration ratio at 1 aq/q 'VII 0.042 and at 100 ~kq vas 0.4tl a ditt~c• that ia ~~qhly proportional to the d~ll of atra:ina. 
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21 006937 
B. Th• ht!lbolism o( Atrazint 

• 
'l'o exaatne tiht .. tal:I01iaa o~ atraaiDe in rata, 100 aq/ktJ o~ 14c-atraaine vaa qivtn to rata ancl the l4c-lcaltd zttcol!t•• V!U'I iaolated aDd ic:ltntifitcl. A recovery of 103 .78• of the total. rac!ioactivity vaa achitvtd. n:ae urinary rout• accounttc:l tor 47.4t of the eltaination whereas 49.3~ of the 14c-label waa tliainatec:l via tiht fecal route. The ~~aauta contained 5.75t of the 14I•labtl vnile the })lood contained the raaininq 1.4t of the 4c:-labtl. 

In yiyo .. tAbq1ita ot atrazint. The .aleeular atructures of the urinaJ:Y .. tabolitta obtained froa the first qroup rata were unattainable, 2o a atconcl tp:OUp of a rata were qivtn 16.18•19.&4 ~/k9 1 c-atrazine. Tho .. tabolitea vera colltctecl witb.J.D tho o to 24 hour tble period after expoaure. The urine waa frttae d:ritd. Thtn t:.ht metabolite• were c:liaaolvtd in a IIIIAll aacnmt of water that vas acidifitcl vith BCl ~ pB 3.0 ancl aepa:rattcl vith an llllino ac.icl analyzer (to cltattct the udno acicl reaic:luts o~ glutathione) ccapltcl vith a cation exchange colu.n. 
A total o~ 19 radioactivt peak~ were dettcttc:l, tihrtt of whicb vert icltnti~iec:l •• •etabolitea by coapariaon of the in~ra:rec! aDd. uas spactra. 'rht icltntity o~ tvo other aeta})olitta v.a poatulattd Da..c:t on additional maaa spectral infor.ation. 'l'he aolecula:r atructures of .aae of the atrazine Jlatal)olitts are lhovn in Pigure 1 and the nwr&):)ers in tb.is fiqu:rt corrtaponcl to the aeta})olit .. ciiacuaaecl in tiM text. Eic;ht .. tabolites vert icltntifitcl ancl tht .. jor .etabolitts are liattc:l btlov: 

0 

0 

0 

0 

Cl. . 2-h -at:raaint (7), 

2-h -4-aaino-6-iaopropyl..tno-a-triazint (8), 
2-h~xy-4-ethylaaino-6-aaino-a-triaaine (14), and 

2-~-4, 6-diaaino-a-triazin• ( 3) • 

Tilt idtntificati.on of the ujor .,ta.bolitee above inclicat .. that cltChlortnation of the triazine ring an4 H-dealkylation art the .. jor .. tabolic patbvaya for atraaine in rata. Becauae ~our ot:htr 11iDor lltta))olitea that po••-• oaega­carboxyl 11oittiea vert icltntititcl (5, 10, 11, 12), oxidation of the tera.inal llttihyl •oitti- in the alkyl aubatituenta appear• to be a •inor anc! atCODc:lary Wltabolic route. 
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2!5 006718 
proportional 1:o tiM clo- ot atraaine. Pla- conceDtrationa o: atraaine Maaarecl clUrinCJ and attar atraaine expoaure ahovecl that the whole bocly hal.~-lite (tl/2) ot atn.aille or ita Jllatabolitea ia 38.6 houra (1.61 daye) iJl rata. 'rh••• repo:ted fiftdinga tw:ther indicate that a1:raaine ctoea not ac~ate under thia exposure regimen in the rat. 

Aa aentionec:l above, the higheat l.vel of atraaine vaa touncl in the RBC. 'rhe .. tiaatecl halt•lite of 1.14 daya in JUSCa (aa coaparecl to the vbol• body halt•lite of l.Sl daya) indicat .. that extenaive bindinq of auaaine or ita .. tabolitea in asca waa oc:currinq. Hov.ver, aRer ceaaation of. aultiple expoaure, the concentration of atraaine or ita .. 1:abolit.. in RBC8 declinecl at all clo••• except fOJ: the higheR cloae, 100 -.gJlDJ atraaine. 
h;ntion of atraaine in rat;a. About 9!5t of the atraaine adminiatared orally ia excreted within 7 ctaya attar ceaaation ot expoaure. The route of atraaine excretion ,.. ~ztecl to be inclependant of the do- ancl aex of rat. About 7!5t ot the atraaine ia excreted throuC)h the urinary rout. vbereaa ahout 20' of the atraaine ia eliainatecl in the tee•. '!b8 eliaination route tor the r-ininq !5' vaa not reported. Alae, the l.vel of atraain• elilllna.tion by exhalation or throuc;h the akin (.,..ti.Dq) waa not reported. 

Ket;lholig of atrazine in nt;a. 'l'he data reportect in thia atudy inclicatea that clecblorination of 1:ha triazine r1nq and B­clulkylation are t.ba aajor .. tabolic pathwaya tor atrazine in rata. Oxidation of the alkyl aubatituenta of atraaina appeara to be a ainor and aaconclary .. tabolic route. 
The author aJ:9UM that a •cubon-aultur lyaae, • c:leav.. the glutathione r .. idue troa an atraaine .. tabolite 1:o prOduce a thiol-containizlq auaaine .. tabolite. The author farther poaita that the act~ of the lyue reaul ta in the covalent ~incl.lDq of the thiol-contai.DJ.Dq atraaine aetabolite to ~lob!n in t:he red blood cell, a find!Dq froa the aultiple-~ a1:uc11 .. (depictecl in Tule 7). However, the author baa not provided evidence 1a th1a etucly Wether lyaae ia pruent in red blood cella. 

Sn•ary. fto whole Wy halt-lite ot 1.61 daya tor atraaine is conaiatent with the obaervation that 9!5' of the acbliniaterecl cloae ia eliaination vithin 7 ctaya after exposure. The red cella store the hiqhest concentration ot atraaine in the rat, apparently throuqh the covalent binc!inq of a ••t:Uolite. Under the dose · reqiaen caployed in thia atudy, atrazine cloea not ~late in the rat. 
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Data evaluation Report 006718 
compoynd Atrazine 

• Citation 

Derma! absorption of l4C-Atrazi~e by rats (general metabolism), T. Murphy, Biochemistry Dept., Agricultural Oivision, Ciba-Geiqy Corp. Study No. ABR-87098; 11/6(87, MIRO 404313-08. 

This document contains the following report which describes the in life portion of the study: 
Dermal absorption of l4C-Atrazine in Rats, I.M. Craine, WIL Research La~ie~ect No. WIL-82015, 11/5/87. 

Reviewed by Robert P---:-~ an Ph.D.7 /.;:. f' /4/ 
senior Pharmacologist 

Core Classification Acceptable 

Conclusions 

Atrazine in 4L formulation is absorbed in relatively small amounts through the skin. Typical values are 2.00, 0.53 and 0.26 t for 10 hour ex~osures to doses of 0.01, 0.1 or 1.0 mq/cm2. Significant quant1ties reaain on the skin after washing witb soap and water (24.87, 21.10 and 10.49 t). No significant differences in absorptio~ were observed bet~een the 4L and 80W formulations tested at 1.0 mq/cm2 for lC hours. The data indicate that absorption is approaching saturation at the high dose. 

Materials 

Artazine uniforaly ring labeled, 

low and mid da.ea 
22.0 uCi/~, 99.5t 

high ct.•• 
2.3 uci/ag, 99.0t 

crl:coeaR .. le rats 27-41 days old from Charles River Breeding labor~toriea 

Exoerimental design and methods 

Dose preparation and sample analysis was performed at Ciba-Geigy and the in life portion of the study at WIL. 
nThe low dose was prepared by mixing throughly 4.0 ag of l4c-Atrazine and 5.3 mg of the formulant (4L), then suspending the mixture in 2.0 ml of deionized water. The middose was 333 
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prepared by •ixinq 40 mq o! 14c-At:azine and 53.0 mg of blank formulation C4LJ and then suspendinq the mixture in 2.0 ml of deionized water." 

"The 4L high dos• foraulation was prepared by mixing throuq~ly SlO mg of formula~t and 400 .• 0 mg of l4c-Atrazine, then suspend1ng the mixture in 4.0 ml of water. The SOW high dose was prepa~ed by mixing 200.0 mg of l4c-Atra~ine and 50.0 mg blank formulant, then suspending the mixture in 2.0 ml of deionized water. 

Two groups of 16 and one group of 20 male rats were treated de,mally with single doses of 14c-atra:ine at 0.1, 1.0 and 10.0 mg/rat (0.01, 0.1 and 1.0 mg/ea2) respectively. Four animals at each dose were dosed with 4L formulation and exposed for 2, 4, 10 and 24 hours. The rem5ining !~ur animals at 10.0 mg/rat were dosed with aow formulation and exposed fo~ 10 hours. 
"The test material preparations were stored frozen, warmed to room temperature and sonicated 10 minutes prior to analysis and dosing on the appropriate test material application day." 

The anterior dorsal hair was s~aved from each rat and the area washed vith acetone 24 houcs prior to dosing. Tes~ material was applied to a 2.5 x 4 em (lncm2) area by pipette. The application site ~as covered with a prccective device consisting of a stomahesive bandage as a wall and a filt&r paper cover. 

Animals were individually caged in metabolism cages and total arine and feces c~llected. 

Animals were sacrificed at the end of the exposute period. The protective device was reaoved and washed. The application site was washed with a de~ergent solution and water rinsed. 
Blood, application SL~e skin, skin under the bandage and the care••• were collected. 

The following saaples from each animal were sent to Ciba­~eigy for analysis; 

•pipet ~ashes, urine, t~~3s, washes, extr~cts, samples from the proeective coverings, gauze, blood, skin samples and carcasses," 

Results 

Sample analysis for radioactivity at WIL indicated that dosing suspensions were homogeno~s and of the expected activity. 
No compound-related effects on t~e rats were reported. 
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006718 Dermal absorption data is summarized in Table 1 below and presented ~ detail in Tables Itt - VI of the report. 

Table 1. summary of dermal absorption data. All values are means of 4 animals. All animals dosed with 4L formulation except as noted. nata from Tables III - vt of the report. 
OOIIe !XrlC8Ure AbBot bed. Oftski!l, ~ ( ar;~Cift2) (hours) (t) (Vht) (IDgXl.o-5) ,,, (\) 

0.01* 2 0.68 0.34 6 23.53 77.25 0.0091' 4 1.24 0.31 ll 20.56 71.88 10 2.00 0.20 l8 24.87 69.51 24 4.93 0.21 « 20.72 69.02 
0.1 2 0.21 0.11 20 25.06 71.55 0.095 4 0.36 0.09 34 18.97 75.72 lO 0.53 0.05 50 21.10 78.93 24 1.26 0.05 119 29.04 67.43 
1.0 2 0.13 0.06 107 U.24 88.67 o.u 4 0.09 0.02 74 14.69 88.00 10 0.26 0.03 213 10.49 89.29 24 0.21 0.01 172 9.58 91.03 
1.0 em~ 10 0.24 0.02 244 8.81 89.15 1.02 
• lfallinal dose. 
1' Applied dole. 
a. TOtal of blood, carcass, urine am feces. b. TOtal of skin I and skin II. c. TOtal of bardJge ri.nM, bric!9a rinse, paper rinse, soap rinse, water rinse, gauze A, g~Uze B ancS cage wash • 

Discussion • 

The percent of dose absorbed followed the most comaon pattern of ab8orp~ion with the percent increasinq with time and decre .. iag witb increasing dose. Significant quantities of test ••~rial r..ained on/in the skin following soap and water wasb. ~ere are clear indications that the process is approaching satura~ion at the high dose in that; 
1. The percent absorbed per hour decreased with ti .. in each dose and the proportionate decrease was larger with increasing dose. 

2. As the dose increased the total quantities absorbed increased proportionately less per dose increase. 
3. The quantity on/in the skin increased tan fold from 0.01 to 0.1 mq/cm2 but only five fold from 0.1 to 1.0 mq/cm2. 
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006718 Por regulatory purposes the test mat~:Lal which remains on/in the ••in.after soap and water wash ie considered absorbable. Por risk assesments the perc~r~ absorbed is added to the percent on/in the skin to de~•~~ining quantity absorbed. aowever, the possibility exists :bat the relatively large quantity remaining on/in the skin is 'n artifact of the experimental procedure. A recent study, de3 ~ned to determine if the material remaininq on/in the skin af~!r washing could be absorbed, showed that 2 to l times more rtterial could be washed from the skin of livinq animals then :rom the skin of recently sacrificed animals. tn this study t·e animals were sacrificied before washing the application s te. 
This possibility may be tested by trea:;19 4 animals per dose for 10 hours exactly as was done in th~s study but washing the appliction site before sacrific:r.; the animals. The ten hour exposure time is suggested as ~c~elinq a worker who washes at the end of the working day. 
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c. _sta~i"4ic1: 

The follovinq proced.w:ea were utilizac! in ealyzinq the nuaerical data: 

One- and tvo-vay analpia of vari~mce (AIIOVA) vaa aaect to •-•• the atatiatical aiCJftificece of reaulta between doae, treataent group• or aex. When appropriate, Dunnett& or Hevaan-Keula t-teata were perforaed to •••••• difference• between qroup aaana. 

Fer qenerating the kinetic aodala, the excretion data waa uaed. Thia evaluation vaa perfoZ1Md by I. W. F. Davidaon ot Bovaan Gray School of KecU.ctn. (Walco Fonat university). 'rh• evaluation vas U.aitecl becawae of the lov l'lUIIber of rata uaed in each qroup. Mditi.:nal kinetic paruuatera such aa rate r.:onatants, half-lite values, &nc1 alpha and. b•ea diatribution valuea were obtainecl with the use ot the ESTJUP and PCHOHI.IH coaputer pJ:OqZ'aa calculated by c.x. Metzler and D.t.. Weiner (Statiatical Conaultanta, Bdqevood., 
KY). 

D. Quality Alturaru;e: 

A aic;nec! quality aaaur~mce ltat .. ent waa proviclecl by a quality aaauranc:e intpector troa (1) sra International, the subcontracting laboratory where the cliatribution ot radiolabelecl atrazine waa atudied and (2) Aqritearch :tncorporatec:l r another aubcontracting laboratory where the amount of racliolabelacl atrazine va1 meaaured. 
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A. Oblaryaticnl: The frequency ot clinical oblarvaticn• ada en th••• rata va1 net provid&d in this ••,..•ry report. 
Toxieit;y/110rtal it;y C IUI"fiyal l ntult;a: · There vera no 
treaaaent-relat~ deaths reported in this et\ldy. Rat I 5065 (given 3 m;/kq a~zine tor l days) favor~ ita right aide, and upon exaainaticn, the lungs vere found to be "present in the lover thoracic ana.• 

B. Experimental p;:gtoc:ol: Thie experiaent vas performed to as•••• in further detail the doee-dependent dietributicn of atrazine, especially in the red ~loo4 cell. Aa listed !n Tole 1, in an at fort to etudy in JIOM detail the toxicokinetic diepoeition of 14c-atraz!na aa a tuDction of the do•• of atraaine and the tial ot eacrifice, aix =oupa ot taale Spra9Qe-Davley rata wen tr.ated with- l.4c­atraain• vhile another group of taale rata ~~ •• a control group. Tbl groupe ot rata were doeed daily tor 10 CODIICUti VI days at 0 11CJ/kg (VehiCll Only) , 1 11CJ/m • 3 ac.J/kCJ, 7 liCJ/kCJ, 10 IMJikCJ, so 11CJ/kCJ, anc1 100 a.rJ/lai 44c .. atnaine. The vehicle vaa an aqueoue solution ot com atarch/polyeorbate-80. 

Urine and tecea VIZ'I collected daily. At 24, 48, 72, 96, 144, 192, 219, 240, 264 and 288 houra, ~loo4 e.-plea ven o~tainecl via orbital puncture. Pive ailliliten ot blood vare colliCtld by aortal puncture at aacrltic•. The tiaauee eelected for deteraining the distribution of 14c­labal at each dose are liatld in Pigura 1. one of the tvo aniaala in ~~~ group val eacrificld 3 hour~ after the tenth doe• of "c-atrazina and the other aniaal in !ach group vas ncrificld 72 hour~ after the tenth doaa of "c­atraaine. The cUatri!Ntion of l.4c-labll in the urine, feces, red ~lood calli, and the following 11lected tiaeuea vas deterainld for uch f1111l1 rat (Piqw:e l). 
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• 
piqtstiu ty11iw 

I I TOftCJUI 
I I Salivary ~~~· 
I I ElopbaCJU* 
I I StOIIac:b* 
I I Duoclemlll* 
I I Jtjunua• 

7 

nc:au 1 

c;ars!iqya•c:ular 
I I Ao:ta* 
r I He&rt*l 
r 1 Borae UZ'l'OV* • 
I I LYIIP'b noclaa* 
l I Spleal 
I I 'l'byau* 
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Knrqlgqial 
IX I kain*+l 
I I ~ifbtral ~·t 
I I Spinal coreS (3 ltvelc) *f 
IX I Pitui~ 
I I :Byta (optic n.) •t 

I X I Red blood cell G1NJ4ul.ar I I Iltua* 
I I C:tc::ua* 

UftlaAI'lllil I ~ 91Uid• 
IZIFlciDeya*+l I I bo&'bibl lacriul glanc!t I I Colon* 

I I Rtctua• 
IX I Liver ••1 
I I Gall bladd~t 
I I Pan=eat~* 
Rupirat;qa 

I I Trachea•t 
I I LunCJ'*I 
I I B'OIW' 
I I Phazoynx"' 
I I I.arymcA 

I I Bladde~ I X I .._:y 91Uid•t I I Tea1:U*+I I I Para1:hynida*++ 
l I Ep141clyaic!u I I ftyz'oida*++ 
I I PJ:aet:au 0011' t;i•8M• 1 1 s .. inal veaicltl Bona (f~)•t 
IZ I ovariu•+t l MUscle•tl 
I I Utez\18*1 I ftin•t 
I I CtJ:Yix I All fJfttll l•iona I I l'all.opian tu!Maa and ....... 

1 -iclu.l cucaut 
I l'atl 
I Pla ... (blood)l 

• Rtquirtcl tor aubchraaic and chronic atudiu. 
A Rtquirtct tor chronic iDhalation. 
I In a~nJ.c atudl-, IXII•intcl ancl pZ'88ervtcl only if inc11catad aigna of toxicity 01:' t&J:9et oqan invol~t. + orqan weight requil:84 in aabcbronic u4 c:lu:onic atwu-. ++ orqan ve1ght requiJ:84 for non-rodent atudiea. 
@ R•quirtct tor clttena.J.ainCJ cUatribution in Mtuolia at:adt.M •. 
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A. Qiat;ril:N.tion of radiolab•lM aqazina aft;u repeat.S 
daily doting And WQltiple ltmplinq. 

'fhe experia9Dt t;&l ~nducted vith a p~:_otocol deaiqned 
to deteraine the bodily diwpoaition of 14c-label after 
expoaure tor 10 daya to a number ot do••• ot 14c-atrazine. 
The recovery of t."\e total doH averaged at.2t in rata 
killed. 3 hoara atter the t9Dth cloae ot 14c:-atJ:aaine . &Dd 
94. 2t in rata Jcilled 72 hoara attu 

1
the tenth cloM ot 14c­

atraaine averaqed. The 1110unt ot 4c:-label of 1:.he total 
d.oae excret.d in the tac.. in rata ld.llecl at 3 houra vas 
13 .4t ancl vaa 14.at in rata Jcilled at 72 houn iDclepencleat 
ot the cloae. The aaount ot 4c-label ot the to1:a1 d.oM 
excreted. in the urine vas 69. 5t in the rata Jcillecl at 3 
houra and 7&.3' in the rata killed. at 72 hours tncleDend.ent 
ot the c:to••· The total percentaqe ot the initial c:toae l4c­
atraaine excreted in the urine anc:l tecea in the rata Jcilled 
at 3 houra vaa 82. tt an<1 in the rata Jcilled at 72 houri vaa 
91.1t. 

Plan• ccms;ent;rat;iona of at;razine. In thia experi.Jient, !l'... concentrationa vere related linearly to the cloae of 
c:-atraaine (Table 2). That ia, pl._ concentrationa in 

rata qiven 100 -.r/k9 l4c:-atff~d.ne vve roughly 100 taas 
that of rata giv9D 1 IIIJ/laJ c-atraaine. Thia eo~~p~rison 
applie• to all of the clouge CJZ'Oupa at aoat t.i,ae points 
liated. in Table 2. overall, d.urinq claily cloainq pla ... 
levels of atrazine or ita aet.abolitea generally roae aDd 
reached. an appar9Dt plateau or ateady•atate. After dally 
d.oainq hacl atopped. the tollovinq toxicokinetic valuea vere 
calc:ulatecl traa the data obtained.: 

0 

0 

0 

the Vbole body halt-lite, or tl/2• of 38.6 houra 
(1.11 4aya) tor the eliaination of atraaine or 
ita .. tabolitea, 

the utt.atlcl voluae of cUatribution, or Vet, tor 
the claily cloae of 10 IIIJ/lccJ vaa 4.15 L/laJ, anc1 

at a cloae of 
concentration of 
at•dy•atata vaa 
of pla-. 

10 aq/lcCJ, the aean pla .. a 
atrazine or ita aetabolitea at 
5. 61 11CJ-equ1valanta · 14c:-label/L 

Fox- cliatril:Ntion aoc!ela that tollov tirat-orcter kinetics 
auc:h •• thia aoclel propoaecl tor atrazine, two relationahipa 
are reported: (1) t112 and V4 are indepenclent ot the cla.e 
and (2) the plaaaa concentration of l4c-label ia clirectly 
proportional to the cloae ot l4c-atraz1ne. 
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Do a a 

Rat t: 
!lour ot 
!Jacritica: 

1 IQlkg 

'!'able 2 
Pla- Level• ot 14c-..._l (..-) Dlarbg tba O.bg Period and at sacritice 

(taba tn. !'able VIII) 

3 aq/kq 7 aa/kg 10 M/kq 50 M/kq 100 M/Q 
R5062 R5063 85064 R5065 R5066 R5067 R5068 R506t R5070 R5071 R5072 R5073 

3 72 72 3 3 72 3 72 3 72 ~ 72 
riM (bre.); 

14 0.068 0.061 0.063 0.375 0.741 0.562 1.062 1.164 1.211 8.271 27.104 22.211 .8 0.116 0.111 0.452 0.615 1.051 1.114 2.009 1.593 7.161 .121? 21 •• 46 23.101 J2 0.469 0.405 1.313 1.461 3.267 3.248 4.161 3.957 20.911 11.778 40.320 57.177 
·--------------------------------------------------------------------··-----------------------------------a6 
L44 
i12 

0.506 0.516 
0.582 0.514 
0.560 0.658 

1.808 1.845 
2.150 2.601 
1.668 1.141 

3.311 3.747 
4.225 l.35t 
4.066 3.533 

4.165 4.661 
5.069 5.109 
5.343 4.725 

21.249 24.448 
25.169 24.604 
.U.437 27.612 

52.271 56.510 
59.751 61.514 
48.611 44.420 

·--------------------------------------------------------------------------------------------------------~lt 
!40 

0.583 -- -- 1.406 3.748 -- 5.067 
0.185 0.703 -- -- 1.628 -- 3.091 

21.351 51.715 --
26.413 -- 21.566 

·--~-----------------------------------------------------------------------------------------------------:1• •• 0.1.. o. 711 •• •• 1. 371 •• 1. 713 •• 13.312 •• 17.&12 
:88 -· 0,117 0.340 ·- -- 0,868 -- 1.600 -- 8,302 -- U.775 

0 
0 

"' .... , e 
0 

Q) C) 
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en 
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gc; s:gncp1;;:atigna gf amziM. 'rhe _. expe:-illantal -tbocl· uatN! to:- clateraiDJ.n9 pl._. ccmcentratiom~ ot auaaina anct ita aat:abolit:ae Rll aaployed to -nn t:ha laval o~ ---l4c-l~\ in H4 bloocl calla (ldlCs) • '!'be concantraticm o;, c:-labal in 1t!IC8 z:oae cluriftg' repeated daily cloaing o~ 4c:-at:raaina and 4i4 not :each a plateau or ataacly atate (Tabla 3). Rae OODCentratioaa.appaarecl to be proportional (uaually auparlinaar) to the close ot l.4c­atraaine. After caaaation ot claily 4oainq, tha concantraticm ot l.4c:-labal ttclintN! tor all cloaea except the hiqb.aat close, 100 IIIJ/lccJ c-atrazina. 

After c:laUy c:lo!~ vaa atoppac!, the c:lata vas obt:ainecl troa the level ot c:-labal in the urine. 'l'ha tollovinq toxicokinatic valu.. vera calculattN! traa thoae c:lat:a: 
0 

0 

0 

the ..an c:loaaqa halt-lite, or t1.12• vaa 1562.9 houra (1.14 c:laya) tor the albinatlon ot atrazina or ita -tabolitea troa lUICa, 

the .. tt.atacl vol1.ma ot cliatribution, or V4, tor the claily 4o.. ot 10 119/JaJ vaa 0. 7 1,/q, an4 

at a cloae ot 10 ac,/kq, the aean pla-a conc:.ntration ot atrazine or ita ..tabolitea at ateady-at:at:e vaa 104.6 ..,~ivalenta 14c:-label/L ot cella. 

The RBC:plaaaa concentration ratio vas rouqbly relatacl linearly in all clo.. lavale. Tbe eatiaatac:l halt­lite ot a. 14 c:laya anc:l the large volu.e ot cliatribution 104.6 aq-aquivalanta/L) in uc:a iDdicate that axt:aui~ binclinCJ ot atrazina ancl ita -.t.abolitea in RBCa vaa oc:c:uninq. (fte lite apan ot a rat aBC ia 45-5C claye). The author apeculat:ea that bincU.DCJ ot l4c-la1Nil ia ot a covalent nature. 
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!'able 3 .... Blood Cell Level• ot l«c-Label (ppa) Durlag tbe OO.lag IViocl and at &acrifice (t.abn tr:. t'able IX) Do•• l WJ/kg J HIU 1 wg/g 10 M/kg lila 151/U lQQ .,. 

Rat t: R5062 R5063 Hour ot uo•• R5065 R5n66 15067 R5061 R5061 R5070 15071 15072 ll5073 

Sacrifice: 3 72 72 3 3 72 • 3 72 3 72 3 • .72 
li• tbra.) a 
24 0,13 0.54 2.1"1 4.67 5.19 6.39 7.31 7.11 50.17 36.59 109.06 70.31 

•• 1.48 1.27 t.2t 1.41 12.12 14.17 20.72 15.11 124.35 87.00 234.05 110.48 

72 2.64 2.77 -- -- 19.18 23.01 31.55 26.71 117.56 129.41 292.78 275.59 
--~~---~--~--------------------------------~-------------------------~-----------------------------------

t6 3.51 2.76 21.47 22.01 26.65 30.31 3t.07 37.51 225.49 160.46 474.56 305.37 

144 5.11 4.24 -- -- 37.07 30.78 60.65 53.79 358.75 219.12 111.41 649.45 

112 6.61 5.04 23.44 11.63 43.78 50.05 63.14 63.15 415.10 362.30 615.14 529.04 
---------------------------------------------------------------------------------------------------------

219 10.03 -- -- 21.20 54.98 -- 83.12 -- 307.74 -- 517.23 --
240 -- 5.98 18.57 -- -- 51.45 -- 15.63 -- 324.11 -- 151.40 

264 -- 5.41 11.11 -- -- 46.65 -- 67.13 -- 311.91 -- 605.21 

288 -- ~.34 11.50 -- -- 50.77 -- 41.26 -- 271.48 -- 611.42 

0 0 0 
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Tiaage cgpc~p~rJ$igna of atraliDI• !he tiaaue aoncentration• of atraain• ~ ita .. tabolitea were ... auxed in •elected tiaauea trora aniu.la lcillecl at 1 ua4 at 72 houn (Table 4) • At all doa-, tiaau.e level• o~ 4c-label are c:o•14a~Uy lover in a.ll aniaala lcillecl 72 llOun ~ c:eaaation 0~ 1 c-atnain• expo.ure, a ~indinCJ that c::oJ:TObontea tbe obaevecl decline in pla­aoncentration o~ 14c-label .~able 2). !he liver bad~· bi9heat tissue aoncentration or ... c-label, ~ollovecl by the Jcidney, pit.uJ.tary, avazy and brain. fte pecto~al and inguinal wa-a:ry glanda had the loveat tiJIIUe c:onc:enuation in t!lia 1XD41~1aent. In reapeat to waJd.119 doaa COJIPI:'iaou, t.ia1111e levela o~ '14c-label 
~;~• .;~~\\~!.a;=;nl= CJ~al~• :O~':~f-':~ ~ CJ= 
o~ rata given 1 aq/lcCJ 4c-auaaine. In aniula ACZ'iticecl at 72 
hoU%11, the --•J:Y tiaaue:pla- aonaen~tion ~atio at 1 aq/lcCJ waa 0.042 and at 100 aq/k9 waa 0.49; a di~~erence that is ~ugbly 
propo~iona1 to the do•• o~ atraain•. 

·---
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